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1-f i INTRODUCTION

Site Charac ter i za t i on Report has h
Task 1. subtask l.l of the Jan a « ^'^ 1n *<M
ed ̂  COM for the South j > »". "ork P l a n MemorandumP"P"ed ^ COM for the Southi s ^0 provide a descr i

Cava l cade Street Si te in re lat ion
M.7 on the Nat iona lIt. contam inat ion

of thist S1t" The

"' ̂  ̂ ^ °f- , „. ̂  Rank i ng system
ah ^ ^ P6rt inent t0 th e

gathered, org ani2ed i and reviewedo

i s sue s addressed in f-h i .essed l n th is report are as fo l l ows : O
O
O

Prov ide s a summary of the reg iona l locat ion , pert inent area boundary fea-
tures, e x i s t i n g ownersh ip and use ( s ubd i v i s i o n of the property) , and the
general phys iography, hydrology, and geology of the s i te , from secondarysources .

Nature Anj_ fetent of Problem

Summarizes the actual and potent ia l ons i t e and off-s i te health <ind env i ron-
mental effects that can be ant i c ipa ted from pre-remedial invest igat ion
sources . This may inc lude, but is not l im i ted to, the types, phys ical
charac te r i za t i on arid amounts of any hazardous substances ; and the potent ia l
pathways of exposure, contaminant re lease , and human exposure .

Descr ibes any previous
state, ,edera,;

reports and th,,r
e1the r

, tech

l-l
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2.0 BACKGROUND

2. 1 S ITE LOCATION AND H ISTORY

The South Cava l cade Street Si te is located wi th in the incorporated bound-
ar ies of the City of Houston , Texas , the s ta te ' s largest city and the f ifth
largest in the nat ion .

•
The s i te covers about 69 acres in northeast Hous ton , about one mi l e south-
west of the intersect ion of Interstate Loop 610 North and U . S . Route 59 v»
(F i g u r e 2 - 1 ) . The s i te is bounded on the north by Cava l c ad e Street , to th£-
south by Co lMngswor th Street , on the west by the Houston Belt and Terminal
(HfUT) Ra i l r oad Passenger Ma i n and Maury street , and on the east border byo
the HB&T Fre ight Ma in (now the Missour i and Pa c i f i c R . R . ) O

The Nat iona l Lurcher and Creosot ing Company ( N L C C ) operated a wood treatment
fac i l i ty on the s i te from 19 1 1 to 19 ^9 . An ear ly aer ia l photo of the s i te
( 1 9 3 3 ) i nd i ca te s the actua l wood proces s i ng/treatment fac i l i t i e s used by
the NLCC were concentrated in the southern end of the s ite a long Co l l i n g * -
worth Stree t , with wood storage yards occupying the r ema i n i ng southern and
central parts of the s i te and vacant ( i d l e ) lands in the northern th i rd , A
ne ighbor ing commerc ia l development of about throe acres , immediate ly across
the Houston Belt and Terminal (HB&T) Ra i l road main to the west of the s ite,
and also front ing on Col l ingsworth Street , shows on the 1933 photo as we l l !
This property is ident i f i ed at a later (and expanded acreage) stage as a
Mobi l Oi l Company products d i s t r ibut ion center (who l e s a l e ) .

In 1940 , the Koppers Company, T n c . (K C I ) acquired t h e property from NLCC
and operated a wood treat ing fac i l i ty and coal tar d i s t i l l a t i on faci l i ty on
the s i te from 1940 to 1961 . Aer ia l photos of the s ite dur ing the period of
KG I operat ions ( 1944 and 1 9 5 3 ) ind icate only minor changes in s ite develop-
ment or use from the 1933 photo. The 1953 aerial photograph shows an ex-
pans ion of the Mobi l Oil Company operat ions across the tracks west of the
site to about 10 acres, inc lud ing the addit ion of a tank battery and rail
s id ing at the north end of the Mobi l s i te approximately 1 ,000 feet north of

2-1
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Collingsworth Street. Also , by 1953 some commercial development had begun
just to the north of the South Cavalcade Site. Although not confirmed
through deed records, interviews with early Koppers Company personnel, pre-
vious owners and local residents indicate the probability of a smaller
scale wood treatment operat ion just north of the present day Cavalcade
Street in the early 1950' s .

The KCI property south of the present day Cavalcade Street was transferred
by recorded deed to Merchants fast Motor Lines (Meridian Transport Company)
in 1962. The property was subsequently subdivided into three ownership ,^
tracts, as shown previously on Figure ?.-2. A northern portion of about r-
22.5 acres was transferred to the Baptist Foundation of Texas. This
has been leased and developed by the Transcon Trucking Lines , with a sub-
lease to AJF Leasing, Inc.

O
O
O

A central tract of about 18.2 acres remains in the ownership of the Meri-
dian Transport Company and is presently undeveloped and idle. The southern
tract of about 28 .3 acres was subdivided into two tracts after its acqui-
sit ion by Meridian Transport Company in 1962. The southeastern 13 .4 acres
is owned by Rex Reed and presently used by Pal let ized Trucking, Inc. The
southwestern tract of 14 ,9 acres remains in the ownership of Meridian
Transport Company and is developed for use of the Merchants Fast Motor
Lines .

The Houston Metropolitan Transit Authority (MTA), as part of its proposed
METRO Stage One Regional Rail System (RRS) study, investigated the feasi-
bility of "including the property designated in this report as the South
Cavalcade Street Site as a yard, shop and terminal facility for the RRS.
Under contract to the Houston Transit Consultants (HTC), prime contractor
to the MTA, the firm McClel land Engineers, Inc. (MEI) was selected to per-
form a geotechnical investigation of the site. During the course of that
investigation, observations were made of probable contamination of the site
with toxic waste materials from previous commercial or industrial users.

2-3
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At that time (early 1983) the state agency responsible for hazardous waste
control , the Texas Department of Water Resources (TOWR) , was notified of
the probable contaminat ion of the site. The TDWR then in it iated the
state's process of investigation to determine the nature and extent of the
problem, the present and prior ownership and use of the site, and the pos-
s ibi l i ty of voluntary compl iance with remedial clean-up operations at the
site.

At the same t ime, the Houston MTA, act ing through HTC and its geotechnical
consultant MEI , contracted with the environmental engineer ing and consult-
ing f:rm Camp Dresser % McKee Inc. (COM) to perform a comprehensive contanf^"
inant survey of the site. A COM report entit led "Cava l cade Contaminant
Survey" in three vo lumes , dated July 11, 1983, provided the f irst detailecL-j
assessment of the extent and nature of hazardous contamination at the o
Cavalcade Site . °

In Apr i l , 1984, the TDWR recommended the site to the U.S . Environmental
Protection Agency (EPA) for inclusion on the National Priority List (NPL)
of hazardous waste s i tes . On October 2, 1984, the South Cava l cade Site was
placed on the NPL , with EPA tak ing the lead respons ib i l i ty for subsequent
RI/FS efforts. The site has been ass igned a Hazardous Ranking System score
Of 3R .7 on the NPL.

In response to init iatives by the TOWR to secure remedial measures by pre-
vious owners of the site, the Koppers Company of Pittsburgh, Pennsylvania
contracted with the Houston geotechnical consu l tants McCle l l a nd Eng ineers ,
Inc. (MEI) to perform further site invest igations* An MEI report to
Koppers, dated May 8, 1984, presents the results of that s ite study. Sub-
sequently, Koppers contracted with the firm Environmental Research and
Technology, Inc. (ERT) of Pittsburgh, Pennsylvania to propose a work plan
for a RI/FS study on Koppers former Cavalcade Plant Site. A draft "Pro-
posed Work P lan , Remedial Invest igat ion/Feas ib i l i ty Study, Koppers Company,
Inc. Former Cavalcade Plant Site, Houston, Texas" dated December 13, 1984,
presents a proposed RI/FS program for the Koppers Company.

2-4
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In December, 1984, EPA authorized a work ass ignment for an RI/FS on the
South Cava lcade Street S i t e to COM under project REM II - EPA Contract No.
68-01 -6939/143/WP1 , Document Control No. 143-WP1-WA-ANNM-1 . A Work Plan
Memorandum by COM for R I/FS on the South Cavalcade Street Site, dated
December 31, 1984, has been submitted to the EPA.

2.2 CONTAMINATION PROBLEM

The South Cava l cade Street Site has a 70+ year history of industr ia l/
commercial use with potential for long term contaminant pollution of the
s ite. A report "Cavalcade Contaminant Survey", in three volumes by Camp in
Dresser A McKee, Inc. dated July 11, 1983 , f irst documents the general ^
nature and extent of site pollution. Section 3.0 presents review of data-
in this report. Q

O
2.3 DESCRIPTION OF NATURAL FEATURES OF THE SITE

Present Land Use

The present land use of the South Cavalcade Street S i t e is predominately
commercial, made up of several trucking firms. A southern tract of about
28 .3 acres , fac ing onto Col 1 ingswort'h Street to the south, is presently
occupied by the Merchants Fast Motor Lines ( 1 4 . 9 acres in the ownership of
Meridian Transport Company) on the southwest side of the tract, and 13.4-
acres to the southeast owned by Rex King and occupied by Pa l l e t i z ed
Truck ing , Inc.

A central tract of some 18 .2 acres is a l so owned by the Mer id ian Transport
Company and is presently idle (undeveloped) land. The 22 .5 acre northern
tract is owned by the Baptist Foundation of Texas and presently occupied by
the Transcon Trucking Lines and AJF Leas ing, Inc. The northern tract ac-
cesses to the north onto Cavalcade Street. Figure 2-2 displays the present
property ownership of the site.

2-5
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Physiography

The general physiography of the site is a relatively flat p la in with a very
gent le slope to the south and east. Elevat ions range from about 50.0 feet
mean sea level (msl ) on the south to about 52 . 1 feet msl along Cavalcade
Street to the north, an average slope of less than 0 . 15 percent. Drainage
is general ly to the south and east to local tributaries of Buffalo Bayou
and the Houston Ship Channe l .

So i l s

r —Local soi l cond i t ions have previously been invest igated at the South
Cava l cade Si te (see McCle l l and Engineers Report No. 0182-0282, Volume I I , o
dated May 20, 1983 ) . A general ized soil prof i l e of the s i te shows four O
d i s t inct soil strata . Figure 2-3 depicts the soil condit ions throughout °
the s ite based on reconnaissance bor ings . Although there are var iat ions in
strata e levat ion and th ickness , the fol lowing general ized soi l strata
appear to the present throughout the s i te :

Strata
I
II
III
IV

Depth , ft .
0-2
2 - 10

10-20
20-80

Descr ipt ion
( •" i l l : si lty fine sand
Soft to very s t i f f sandy clayand clayey sand
Medium dense to very dense finesand
Very st iff to hard clay and
si lty clay, with sand ands i l t layers

Figure 2-3 also indicates the presence, at the time of the reconnaissance
soi l bor ings in early 1983, of shal low water table condit ions at depths of
one to five feet beneath the surface throughout the site. The sha l low sand
strata (strata III in Figure 2-3) appear to be cons istent ly present
throughout the site and have a regional extent and s ign if icance off-site as
we l l , as indicated by Figure 2-4. Typical shal low sand layers common to
the Texas Gulf Coast area usually contain various amounts of s i l t . The
relat ive permeabi l i ty for sand strata wi l l depend largely on the silt con-
tent, which varies signif icantly from place to place. Permeabi l i t i e s wil l
need to be determined on a site-by-site bas i s .

2-7
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Oeology

The geo log ic strata under ly ing the South Cava l cade Site cons i s t pr inc ipa l ly
of interbedded sands, si lts, and clays of the Beaumont Formation, deposited
in f luvia l ( r i v e r ) and de l ta i c environments of the Ple i s tocene Epoch, Clay
and silt mater ia l s predominate in the upper 200 to 300 feet of the Beaumont
Formation, with thin discontinuous layers of sand occurring randomly.
Th i cker , more cont inuous sand depos its that occur in deeper parts of the
Beaumont, a l so show ex ten s i ve sand depos i ts in the upper strata of the
formation. O

CO
Hydrology O

O
Both the L i s s i e Format ion and the lower Beaumont Format ion are common
ces of groundwater supp l i e s in the Houston area a l though yie lds are smal l
and considered inadequate for major explo i tat ion . The deeper sands of the
Chicote and Evange l i ne Aqu i fer s , at depths of over 1 ,000 feet, are the
local sources for major groundwater s upp l i e s .

11 The Beaumont Format ion d ips genera l ly to the southeast . The regional
dip of the strata and the presence of the in terhedd ing sands and clays
influence the regional hydrogeology 'of the entire area . Pub l i shed geologic
l i terature indicate that the pr inc ipa l areas of recharge for the Chicote
and Evange l i n e Aquifer * occur several m i l e s north of the s ite area*

The predominately clay and silty soi l s in the upper strata of the Beaumont
Format ion, in conjunct ion with the southeastward dip of the format ion,
serve as a conf in ing layer for the under ly ing Chicote Aqu i fer , produc ing
artesian groundwater conditions in the aquifer. Discontinuous sand layers
in the overlying Beaumont are cons idered too l im i ted for effect ive recharge
to the deeper aqu ifers .

2-10
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Dra inage

Surface dra inage from the site cons i s t s of a system of poorly defined sur-
face d i tches , with storm water inlets and catch bas ins to convey runoff
into the storm sewer system from the more developed areas on the south and
north ends of the s ite . The undeveloped central part of the s ite is poorly
dra ined , with surface ditches dra in ing to runoff ditches a long the east and
west property borders in the rai lroad right-of-ways.

The southern two-th irds of the s ite dra in genera l ly to the south and east
into a southern extens ion of Hunt ing Bayou, wh i l e the northern third drains

COto the east direct ly into Hunt ing Bayou. Hunt ing Bayou is a tr ibutary to
the Houston Ship Channe l severa l m i l e s downstream of the s i te . O

OGroundwater

018W546-2 . dated September 30 98 «""«*" study (-Port No.
wens ln rela

P

tion to

3 11 ' - ^ "'P'cts the ,ocat ion of

s,Jpp l i e s ln the S 1 t e a

 e;er n r;
 strata used for

the local aquifers is located a, , > "^'f^. The more s ha l l ow of•™ -<•. - :::;;; rrz :;:;;;; <r feet beiow
P-arily to domest ic uses . The second ao,ife I ^
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3.0, REVIEW OF EXIST ING INFORMATION

A prel iminary descr ipt ion of contaminants found at the South Cavalcade Site
by previous invest igat ions provides a basis for future remedial invest iga-
t ions . Any actual or potential health or environmental hazards already
ident if ied wi l l he describel as to types, physical characterist ics and
quant i t i es , if known. The most probable pathways of exposure and escape of
hazardous mater ia l s w i l l also be descr ibed.

Recent 19R2-83 invest igat ions of the South Cavalcade Street Site for the
Houston Metropol i tan Trans i t Authority (MTA) revealed areas of local ized
soi l and sha l l ow groundwater contaminat ion . McCle l l and Eng ineers , Inc./ .(ME I ) performed a reconnaissance geotechnical survey in 1982 for MTA in
re lat ion to then pending plans for a Metro Reg iona l Ra i l System (RRS ) .
MEI survey inc luded general so i l borings and prel iminary foundation i
t igat ions for the proposed RRS yard and shop faci l ity at the Cavalcade
S i t e .

CO
C>o

Creosote odors were detected dur ing the MEI invest igat ions and soil and
groundwater samples were col lected for analys i s . Trace amounts of naptha-
lene and phenanthrene were ident if ied and it was subsequently determined
that the s i te was contaminated from previous wood preserving operations.
It was recommended to MTA that addit ional invest igat ions be conducted to
assess the extent of the contamination problem.

In Apri l of 1983, Camp Dresser A McKee, Inc. (COM) was selected to perform
a contaminant survey of the Cavalcade Site . A COM report, in three vol-
umes, ent it led "Cavalcade Contaminant Survey", and dated July 11 , 1983,
provides a comprehensive assessment of their environmental study. COM's
s ite invest igat ion program consisted of the fol lowing task activit ies for
the South Cavalcade Si te :

3-1
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_________TASK_________ PRRFIX
Sediment Sampl ing SD
Surface Water Sampl ing SW
Surface Soil Sampl ing SL
Soil Borings SL
Subsurface Soil Samples SL
Sha l l ow Observat ion We l l s OW
Deep Observat ion Wel l OW
Production Wel l Sampl ing PW

NUMBER COMPLETE*)

4
10
13

9
I
3

Comprehensive investigative results, methods and documentation are avail-
able in the three-volume report "Cavalcade Contaminant Survey" by COM, in
associat ion with MEI , dated July 11, 1983. Result ' of the COM contaminant
survey are summarized in the fol lowing paragraphs. r

3.1 SOIL INVESTIGATIONS
aoooSoil bor ings at sites related to the locat ions of ear l ier wood treatment

and coal tar d i s t i l l a t ion fac i l i t ies during the 19 1 1 - 1962 period were made
to invest igate subsurface contamination and migrat ion of contaminants in
the near-surface (to 40-foot depths) soil profile. All borings were con-
fined to onsite locations, figure 3-1 exhibits the locations of the soi l
boring loca l i t ies .

Soil sampl ing depths and interva l s were selected to best represent the pro-
bable pattern of contaminant concentration and movement. Sampling inter-
vals were continuous from ground surface to in feet below ground surface
for the deeper, 40-foot borings. Samples were taken for analys is at 5-foot
intervals from the 10 to 40 feet depth. The shal low depth borings (10
feet) were at locat ions more remote from suspected areas of contamination
and samples were taken at 2, 6, and 8-foot depths below ground surface at
these borings.

In all cases , rotary dr i l l i ng r igs were employed in conjuction with 3 inch
thin wall Shelby tube samplers, 2 feet in length, which were attached to
the bottom of the drill stem. Samples were taken by pressing the tube into
undisturbed material at selected depths. The soil sampling analysis dis-
closed contamination with both organic and inorganic compounds in the

3-2
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vic in i ty of suspected disposal areas , part icu lar ly near the soil surface.
Concentrat ions of contaminants consistently decrease at greater depths inthe soi l profi le .

CDM ' s soi l boring program a l so provided v isua l and olfactory evidence of
contaminat ion in subsurface soil samples . All observat ions of soil contam-
inants were l imited to areas of previously known or suspected waste dispos-
al , with the exception of two off-site borings des ignated as SI-16 and
SL-10 on Figure 3- 1 . These observat ions fSL- 10 and 16) are probably not
related to the previous users of the South Cavalcade S i te , but to other ^
commercial or industr ia l sources in the area. CO

O3.2 SEDIMENT SAMPLING °
————————————— O

OBottom sediment samples were col lected from surface drainage areas at the
southern end of the s ite . Locat ions of sediment sample co l lect ions (SD
pref ix) are shown on Figure 3- 1 . Deta i l ed analyt ica l results of the sedi-
ment sampl ing for tox ic compounds are presented in Sect ion 6 .3 , Vo l . I of
the COM report. The only f ind ings of s ign if i cance were the presence of
low-level refractory organic compounds, part icular ly the polynuclear aro-
matic hydrocarbons (PAH ) , as cons i s tent with the s i t e ' s history of wood
preserv ing operat ions . Toxic metal contaminat ion , a l though pos ing no s ig-
nif icant environmental hazard, may prove to be a problem with respect to
ult imate d i sposa l . Results of analyses for contaminants in sediment sam-ples are shown in Table 3-1 .

3.3 SURFACE WATER SAMPLING

Two surface water samples were col lected in conjunct ion with sediment sam-
ple locations SD-01 and SD-04. Surface water sample locations are desig-
nated SW-01 and SW-02 on Figure 3-1 . No contamination of significance in
local runoff water was detected at site SW-Oi and only low-level contami-
nation of PAH compounds was observed at the off-site SN-02 sample col lected
from runoff waters in the rai lroad drainage ditch. Resul ts of laboratory
analyses for contaminants in surface water samples are shown in Table 3-2.

3-4
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TABLE 3-1
SEDIMENT SAMPLING ANALYTICAL RESULTS

Volat i l e Organics (al l values PPB, ug/kg wet weight)
SD-01 SD-02 SD-Q3 SD-04

Contaminant
Methylene Chlor ide 100 48 83 1 10

SD-Q4

Refractory Qrgan ics (a l l values PPB, ug/kg, wet weight)
SD-Q1 SD-02 SD-03

Contaminant
Anthracene
Benzo(a)anthraceneBenzo(a)pyrene
3,4-Benzof luorantheneBenzo(g ,h , i )pery lene
Bis (2-ethy lhexy l )phtha late
Chrysene
Floranthene
Indenof l .Z^-c .dJpyrenePhenanthrenePyrene
FluoreneAceraphthene

Toxic Meta l s and Inorganics (a l l values PPM, mg/Kg, wet weight)
SD-Q1 SD-02 SD-Q3 SD^Q4

Contaminant
Arsen i c (As)
Beryl Mum (Be)
Cadmium (Cd )
Chromium (Cr )Copper (Cu)
Lead (Pb)
Mercury (Hg)Nickel (N i )
Si lver (Ag)
Thal l ium (Th)
Zinc (Zn)

SO-05

39

CO

240.
550.
500.

1 100.
430.
210.
550.

1 100.
320.
650.
850.
ND
ND

4700.
440.
250.
890.
ND
ND
530.
750.
ND
ND
690.
360.
ND

1600.
620.
600.

1300.
ND
ND
680.

1200.
600.
860.

1 100.
ND
ND

2100.
18000.

5400.
4800.

ND
ND

14000.
25000.

ND
14000.
22000.

520.
580.

ND
ND
NDND
ND
ND
ND

320.
NO
N[)

260.
ND
ND

O
O
O

SD-05

2 .0
0.2
0.8

10.0
13 .0
61 .0

0.025
4 .5
0.40

NO
160.0

2 .4
0.6
0.6

13.0
60.0
88.0

0.043
4.9
0.06
0.06

150.0

1 .5
0 .3
1 .0

12.0
2 1 .0
69 .0

0.0325 .4
ND

0.97
150 .0

2.2
0.5
1 .4
9.7

82.0
185.0

0.006
2.7

ND
ND
30.0

1.5
0.2

ND
6.8

21 .0
20.0

0.0062 .7
ND
ND
30.0

3-5
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TABLE 3-2
SURFACE WATER SAMPLING ANALYTICAL RESULTS

Volat i l e Oraan ies
No volat i l e organics detected.

Refractory Orqan lcs (al l values reported as PPB, ug/1 }
S.U-01. ' SW-02

Contaminant
Benzo(a )anthracene MnBenzo(a)pyrene 5" 10.
3,4-benzof luoranthene Nn

 l0'
Benzo(k)f1uoranthene Un 2lt

Chrysene ™ 21.
Di-n-butyl phthalate wn 12 'Fluoranthene "" 18.Pyrene {g 17.

l£^ î̂ ^^ (al l va lues re.oved as PPM. mg/l )
It2i SW-02

Contaminant
Cadmium (Cd)Zinc (Zn) ° -05 No° -32 0 . 18

3-6
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3.4 SURFACE SOIL SAMPLING

Four surface soi l samp l i ng locat ions , des ignated SL-01 thru SI-04 on Figure
3-1 were inspected for contaminat ion. All samples were col lected at loca-
t ions suspected of pr ior use for d i sposa l of Creosote or other wood pre-
serv ing products. Low-leve l s of vo lat i l e organics were detected at all
four locat ions , with ethylbenzene at SL-04 of minor s ign if icance . The pre-
vious ly ident if ied disposal areas, represented by SL-03 and SL-04, are
highly contaminated with both PAH and toxic metals at the surface. All
four s i tes ind icate that use of an onsite treatment faci l i ty is quest ion-
ab le due to h igh toxic metal assays . Table 3-3 pov ides the results of
taminant analyses for surface soi l samples .

3.5 SUBSURFACE SOjL SAMPLING O
O
O

Mul t i p l e depths at each of 13 locat ions were sampled to determine the depth
of contaminat ion and the structure of the underlying soi l prof i l e . Sam-
p l i ng locat ions were selected at areas suspected of conta in ing contamina-
t ion or potent ia l areas of future excavat ion for the RRS. Subsurface soi l
s amp l i ng s i te s are des ignated with the pref ix SL on Figure 3- 1 . Deta i l s of
the subsurface so i l samp l i ng program are found in Section 6.6 of the COM
report and are presented here in Table 3-4,

The previous ly ident if ied contaminant areas (SL -03 and SL-04) are h igh ly
contaminated with both organic and inorgan ic ( tox i c meta l s ) compounds at
the surface and near-surface (to 5-foot depths ) . The level of contamina-
t ion for most compounds decreases rapid ly with depth. At SL-03, the con-
taminat ion from polynuclear aromatic hydrocarbons decrease by a factor of
100 at the 10-foot depth, with s im i lar dec l ines in inorgan i c contaminants
except for beryl l ium (Be ) , nickel (M i ) and s i lver (Ag ) . SL-04 demonstrates
a s im i l a r attenuation of contaminat ion with increas ing soi l depth, but re-
quired greater soil depths (15-foot depth for PAH ' s and 20-foot depth for
most toxic meta l s ) for s im i l a r leve l s of dec l ine . An exception is a con-
t inu ing high concentrat ion of lead (Pb) at the 20-foot depth for SL-04.

i 3-7
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TABLE 3-3
S ° IL ^IHG ANALYTICAL RESULTS

.Contaminant
Methylene Chlor ide
Ethyl benzeneToluene

59
NDNO

39
ND
ND

59
ND
ND

Refractory Qrgan i c s (a l l va lues PPB, ug/kg, wet we ight )

SL-04 SL-02 SL-03
Contaminant

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthraceneBenzo(a)pyrene
3,4-benzof luoratheneBenzo(g ,h , i )pery leneBenzo(k )f luorantheneChrysene
FluorantheneFluorene
Indeno( l ,2,3-c,d)pyreneNaphthalene
PhenanthrenePyrene
Di-n-octyl phthalate

Toxic Meta l s and Inorqa
- - - • ' — — / •: _ ———-- - --————-L--_--| •• - -- -M__——— —— *< -

SL-04

ND
160
23

SL-01

100 ,000
3,000

240,000
17 ,000
4 ,600

10 ,000
ND

10 ,000
1 1 ,000

260,000
80,000

ND
340,000
240,000
170 ,000

ND

NDNDNDND
ND
ND
NO
ND
ND
ND
ND

^ND
" ND

NDND11

780.
2400.

12000.
33000.
21000.
46000.

7200.
46000.
42000.

120000.
980,

7200.
1000.
2000.

1 10000.
ND

ND
ND
ND

200.
ND

260.
ND

260.
200.

NO
ND
ND
ND
ND
10.
ND

CM

oo
o

Arsenic (As)
Beryll ium (Be)Cadmium (Cd)
Chromium (Cr)Copper (Cu)Lead (Pb)
Mercury (Hg)
Nickel (Ni )
Silver (Ag)Thal l ium (Tl )2inc (Zn)

0.35
0.29
0.8812.0
4.4
8,4
0.005
8.6
0.7ND

14.0

2.5ND
ND
7.6

32.0
31.0
0.00933.0

ND
ND
40.0

82.0
0.20
0.1079.0

21.0
54.0

0.040
9 7£• /
0.200.10

290.0

1.8
0.26

ND
14.0
ND
3.4
0.020
2.3

NDND
150.0

3-8
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TABLE 3-4
SUBSURFACE SOIL SAMPLING ANALYTICAL RESULTS

SL-03 (A l l organic va lues PPB , uq/kaweight bas i s ) 9/ 9 *
Vola t i l e Organic

Contaminants
Methylene chlor ide

MEJCtory Organ i c Contaminant^
Acenaphthene
AcenaphthyleneAnthracene
Benzofa janthraceneBenzo(a)pyrene
3»4-Ben2of luoran thene
Benzo (g ,h , i ) pery l ene
Benzo(k )f luorantheneChrysene
FluorantheneFluorene
Indeno( l ,2 f3-c, *npyreneNaphtha lene
PhenanthrenePyrene
SL-03

I2*jcjteta] Contaminant^
Arsenic (Ar)
Beryl l ium (Be)
Cadmium (Cd)
Chromium (Cr )Copper (cu)Lead (Pfa)
Mercury (Hg)
Nicke l (N i )
Si lver (Ag)
Thal l ium (T l )Zinc (Zn)

01
(2)
59

780.
2400.

12000.
32000.
21000.
46000.

7200.
46000.
42000.

120000.
580.

7200.
1000.

20000.
, 1 10000.

01
(2)

82,0
0 .20
0 . 107 9 . 0

2 1 .0
54.0

0.0402 .7
0.20
0. 10

290.0

i norgan ic va lue s PPM, mg/kg wet

02
(5 )
40

ND
280.

1000.
5600.
2000.
6800.
1600.
6800.
4500.

24COO.
ND

1800.
MD

5800.
.20000.

02
(5 )

1 . 5
0.20

ND
14 .0
1 . 9
7 .2
0 .6203 .0

ND
ND
23.0

03
( 10 )
33

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
03

( 10 )

0 .330 .20
ND

3 .4
1 .3
7 . 2
0.0092. 1
0 .88ND
3 .6

rn

oo
o
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TABLE 3-4 (cont inued)

Vola t i l e Organ i c

Contaminant s
Ethyl benzene
Methylene chlor ide

Refractory Or g a n i ^Co n t am i n a n t :
Acenaphthene
AcehaphthyleneAnthracene
Benzo (a )an thracene
Benzo(a )pyrene
3,4-Benzof l uoran theneBenzo ( g , h , i )Pe ry l e n e
Benzo j k j f l u o r an t h e n eChrysene
D ib e n zo ( a , h ) a n t h r a c e n e
Fluoranthene
Fluorene
l ndeno ( l ,2 »3-c , d )pyr eneNaphthalene
Phenanthrene
Pyrene
2,4-Dimethy lpheno lSL-04

01
(2 )

160
ND

100000.
3000.

240000.
17000.
4600.

10000.
ND

10000.
1 1000.

ND
260000.

80000.
N3

340300 .
24Q300 .
170 )00 .

Toxic Metal
Contam inan t s

Arsen i c
Beryl l ium
Cadmi urn
Chromium
CopperLead
MercuryNickel
Si lverZinc

01
(2 )
1 .8
0.26
ND

14 .0
ND
3 .4
0.020
2.3
ND

15 .0

3-10

v.lu« PPM

02
(5 )

98
52

360000.
ND

520000.
27000.

7600.
16000.

ND
16000.
20000.

ND
440000.
1 10000.

ND
64dOOO.

1100000.
280000.

ND

02
(5 )
2 .0
0.28
ND
4 . 1
0 .56
0 .37
0.005
3 .70
ND

23 .0

03
( 10 )

10
73

80000.
3200.48000.

28000.
a^OOO.

7200.
5000.
7200.

36000.
5000.

120000.
64000.

ND
200000.
180000.
88000.

ND

03
( 10 )
1 .2
0 .6
0.5
8. 1
7 . 7
9 . 1
0.004

15 .0
1 .2

24.0

04
( 15 )

ND
ND

O

ND O
580.
320.
460.
340.

ND
340.
320.

ND
2000.

340.
ND
ND
4400.
1400.
ND

04
(20)
0 .29
0.31
ND
3 .7
1 .26.4
0 .005
4 .50ND
5 .8
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3.6 SHALLOW GROUNDNATER SAMPLING

Nine sha l l ow groundwater observat ion we l l s were located on the South Cava l -
cade Site to determine the extent of groundwater contaminat ion in the upper
( s ha l l owes t ) aquifer beneath the s ite and to determine the direct ion of
flow of the local groundwater system. Selected wel ls located near the sus-
pected contaminat ion areas (OW-01 and 02) were sampled for organic contam-
i nat ion . Dur ing the upper ( sha l l ow) aqu ifer groundwater sampl ing program
the organic contaminat ion detected was cons i s tent with prev ious ly detected
surf ,c ,a l contaminant s , except for concentrat ions for vo lat i l e organ ics
(benzene , ethyl benzene and to luene) observed in groundwater samples from ^
OW-02. These aromat ic hydrocarbons are more cons i s t ent with recent hydro-^
carbon (petro leum products ) contaminat ion . OW-01 showed no detectable Q
vo la t i l e organ i c s and s ign i f i can t ly fewer and sma l l er concentrat ions of O
refractory organ ic s than found in the groundwater at the OW-02 wel l s i te
Table 3-5 prov ides the results of contaminant analyses of the sha l l ow
groundwater samples .

The leve l s of toxic metal contaminat ion found in the upper aqu ifer ground-
water are w i t h i n ERA primary and secondary dr i n k i ng water s tandards . The
h igh leve l s of toxic metal contaminat ion found in surface soi l samples at
these locat ions are not reflected in assoc iated s ha l l ow groundwater sam-
p les . This ind icates that the toxic metals are not in mobi l e forms migrat-
ing downward through the soi l .

The cyanide concentrat ion observed in both we l l s OW-Ot and OW-02 are incon-
s istent with any known previous industr ia l source at th is s ite. The pre-
sence of cyanide in the sha l l ow groundwater may indicate an off-s i te source
of cyanide compounds in the area.

3.7 DEEPJjRnUNDWATER SAMPLING

A deep (200 foot) groundwater monitor ing wel l , des ignated as OW-06 on
Figure 3-1 , was instal led and sampled to determine the extent of poss ib le
groundwater contamination in a lower aquifer, used in the area as a source

3-11
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SHALLOW GROUNDWATER

Vola t i l e Orqan i c s fa l l val l l (

Contaminant s
Benzene
tthyl benzene
Toluene

Refractory Orqan i c s (al l val

Contaminant s
2,4-Dimethy l phenol
PentachlorophenolPhenol
Acenaphthene
Acenaphthylene
Benzo(a)pyrene
Bis (2-ethy lhexy l ) phtha late
Butyl benzyl phthalate
Di-n-buty l phthalate
FluorantheneFluorene
Naphtha lene
PhenanthrenePyrene .

Tox i c Meta l s and !nA r n a rnC , (

Contaminant
Arsen i c (As )
Copper (Cu )
Zinc {Z n )
Total Cyanide (Cn )

TABLE 3-5
SAMPLING ANALYTICAL RESULTS

?s reported as PPB, ug/1)
OW-01

ND
ND
ND

ues reported as PPB , u g/ 1 )
OW-01

ND
ND
ND
49
17
NA
ND
ND
ND
23
73 .

670
160
17

al l va lues reported as PPM, m
OW-01

ND
0.06
0 . 12
0 .70

3-12

OW-02

21
58

1 3 0

OW-02

680
66
59

380
30
29
17
17
34
34

300
17000

240
27

9/ 1 )
OW-02

0 . 1 3ND
0 .20
0 . 10

S

O
O
O

-

•

1
000996
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of domestic water supply. A representative groundwater sample was collect-
ed following well stabil ization. Two soil samples were collected from soil
immediately above and below the well screen depth. The groundwater samples
and the two soil samples were analyzed for appropriate organic and inorgan-
ic contaminants are are shown in Table 3-6.

With the exception of trace concentrations of toluene in the groundwater
sample, the deep (200-foot) aquifer and the associated soil samples were
uncontaminated with any other organic compounds. Inorganic contaminants
are present in detectable concentrations in the deep soil samples, but ortty
antimony (Sb) , arsenic (As) and selenium (Se) were observed in the ground*
water sample. The inorganic compounds (particularly arsenic and seleniumV
are present only at low concentrations (As-.05, Se-.26) within primary Q
drinking water standards and present no public health or environmental O
threat. The presence of arsenic at 12.0 rag/kg in the soil samples may in-
dicate a rather high natural background of this toxic material in the local
clay substrata.

3.8 PRODUCTION WELL SAMPLES

Selected production wel ls located within close proximity to the site were
sampled to determine the extent of any external migration of contaminants*
Production well depths ranged from 300 to 500 feet below ground surface.
Sampled production wel ls , labeled PH-fll, 02, and 03 on Figure 3-1 , proved
to be uncontaminated with any detectable organics* Inorganic concentra-
tions in excess of primary drinking water standards were observed in PW-01
for lead (0.36 ppm}, in PW-02 for both cadmium (0.04 ppm) and lead (0.35
ppm) and in PW-03 for lead (0.30 ppm). Table 3-7 provides contaminant
analysis for the deep production well samples.

3-13
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TABLE 3-6
DEEP GPOUNDWATER SAHPLING ANALYTICA

Volatile Organics (all values reported as PPR,
OW-06

Contaminant (061
Toluene 49

Refractory Organics
ho Compounds detected.

Tox i c Metals and Inorganics (al l values reportPdweight)
OW-06

-
Contaminant

Antimony (Sb) 0. 1
Arsenic (As) O.C5Beryll ium (Be) NOCadmium (Cd) NDChromium (Cr) hOCopper (Cu) NOLead (Pb) NDMercury (Ha) NDNickel (Ni) ND
Selen ium (Se) 0.260Si lver (Ag) ND
Thallium (Tl) NO
Zinc (2n) NO

1-1A

I RESULTS

ug/i)
SUJl SL - 19(Soil) (Soil)
( 1 1 ) ( 19)
ND ND

as PPM mg/1 or mg/kg wet

SL-n SL-19(So i l ) (Soi l )

NO NC
12.0 12 .00-.30 0.31
0.30 0 .3 11 7 . 0 2 . 4

06 4.05,7 7.5
0.003 NO
1 .5 4 .6

NO ND
NO NO
2 . 1 1 . 9
3. 1 7.3

00c*-(>o
O
O
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TABLE 3-7
DEEP GROUNOWATER SAMPLING ANALYTICAL RESULTS

(PRODUCTION WELLS)

Volati le Grgan i c s
No volati le organic compounds detected.

Refractory Organ i c s
No refractory organic compounds detected

T°x ̂  ̂ ._-ff e t a * s- a-nd ? n ° - 9-a n *

Contaminant

values reported as PPM, mg/1 )
PW-01 PW.Q2 PW-03

O

ooo
Cadmium (Cd)
Lead (Pb)2inc 2n

ND
0 .35
0.58

0.04
0 .35
0 .52

ND
0,30
0.28

3-15
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4.0 POTENTIAL IMPACTS, EXPOSURE OR CONTAMINANT RELEASE

A preliminary assessment of the available site characterization data sum-
marized above can provide useful direction to the prediction of potential
onsite and off-site impacts of possible contaminant exposure or release to
other environments. Two principal hazard areas of potential health or en-
vironmental impacts can be identified from preliminary assessment of the
data. These are the surface and near-surface contamination of the soil
materials in the immediate vicinity of previously identified disposal O
areas, and the associated shallow groundwater contamination observed in tfe

Osame general areas* Surface water impacts are probably not significant
health or environmental concerns based upon preliminary findings and cur-o
rent conditions, use and location. Deep percolation and contamination of°
local groundwater aquifers used for domestic, industrial or municipal water
supplies are also considered to be non-threatening to public health or theenvironment.

4,1 SURFACE AW NEAR-SURFACE CONTAMINATION

Residual contaminants from earlier wood preserving and coal tar distilla-
tion activities at this site are restricted mainly to surface and near-
surface (10-foot depths, or less) contamination w'ith both organic (poly-
nuclear aromatic hydrocarbons) and inorganic (toxic metal) compounds in the
immediate vicinity of previous disposal areas.

The potential impacts of the surface and near-surface soil contamination in
these areas are as sources of continued shallow groundwater contamination,
and as sources of contaminant release to local environments from future
development or use of the site* The soil contaminants do not appear to be
an imminent threat to health or the environment due to volatilization, dir-
ect contact, or surface runoff exposures under present conditions.

A-1
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4.2 SHALLOW GRQUNDWATER CONTAMINATION

The groundwater sampl ing program conducted by COM indicated that the shal-
low water table condit ions at the site and the sha l low sand strata (strata
III on Figure 2-3) are locally contaminated with both PAH and toxic metal
compounds, as consistent with the surface soil contamination observed in
and near the previous disposal areas. The aerial extent of present ground-
water contamination is not yet known, however, due to the l imited ground-
water sampl ing carried out dur ing the COM contaminant survey. It is pos-
s ible, however, that the shallow groundwater contamination is extensive, *r~
even extending off-site. Mofp comprehensive sampling of local groundwate^
condit ions wi l l be necessary to determine the extent and rate of migratioiO
of contaminants in the shal low groundwater in and near the s ite. It was **"Onot evident at the time of CDH's work that the contamination of the shallow.
groundwater in the vicinity of the South Cavalcade Site poses any imminent
threat to public health or the environment. There are no known users of
the sha l low groundwater, no known surface exposures such as ponds or stand-
ing water, and no known present concerns with discharges from the sha l low
sand strata to local surface drainage.

It is very likely that the shallow groundwater is also contaminated by a
variety of local urban and industr ia l sources. Contaminat ion of the deeper
aquifers in the area, which are known to be used for domest ic , industrial
or munic ipal water supplies, was not considered by COM to be a signif icant
threat to public health or the environment.

III 4-2
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5.0 REFERENCE DOCUMENTS

1 . U .S . EPA Region VI Fi le Documents. Copies of relevant EPA fi le
documents on the South Cava l cade Si te have been provided to COM.

Texas Department of Hater Resources F i l eDocument s . Pert inent
information on file with the TDWR in relat ion to state regulatory
actions for the site are included in a comprehensive microf iche f i le
made ava i lab le to COM by TDWR. Fi les include correspondence, telephiShis
memos, site summary, report excerpt, TDWR s ite invest igat ion report and

O
other documentation.

O3. Texas Natural Resources Information System. Physical s i te data , remoQ
sens ing data, and other relevant s i te character izat ion informat ion is
readily ava i l ab l e to COM from the TNRIS Aust in , Texas fac i l i t i es . An
index of ava i lab le aer ia l photographic coverage of the s i te has been
secured from TNRIS and appropriate photos selected and ordered,

4. U .S . Geolog ica l Survey. Recent USGS 7 .5 ° quad sheets for the s ite and
immediately surrounding areas have been obtained by COM.

5. City of Houston. Land use and storm/sanitary sewer maps of the area of
the s ite have been obtained from the Houston Pub l i c Works Department.

6. COM Report and F i l e s . The report "Cavalcade Contaminant Survey" in
three volumes, dated July 11 , 1983, is on-hand at CDM' s Aus t i n office,
along with or ig ina l data base for the report.

7. McClell _and Engineers Repo_r_t_s. The MEI report "Reconnaissance
Geotechnical Study, Proposed Cavalcade Yard Site" No. 08fl2-02«2, dated
May 20, 1983 is on-hand at CDM' s Aust in office. Their fol low-up report
to Koppers Company Inc. dated May S, 1934, has been requested but notyet received*
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TO:
FROM:
DATE:
PROJECT:
DOCUMENT NO. :
SUBJECT:
ACTION:

M E M O R A N D U M

R.A. Kier CDM/Aus t i n
J .D . nram COM/Boston
4 Febrary 1985
ERA Contract No: 68-01-6939
143-WP1- IO-ASHM-1
Cavalcade South - Site Inspection Report
Review and Comment

\f\
O

nbiectJve_s: The object ive of the s i te inspect ion was to conf irm the s i te
descr ipt ion contained in the 1983 COM report and to identify any changes in
s i te cond i t ions that may have occurred s ince that t ime . Pr i o r to
conduct ing the site inspect ion the avai lable s i te informat ion was reviewed
The Ex i s t i ng Information Memorandum Report was not ava i lab le for review
prior to conducting the Initial Site Character izat ion inspect ion because
the site inspection request was made by EPA-Region VI to coincide with the0

TAT inspections. Therefore, a complete review of avai lable information on T-
site activit ies could not be conducted. O

OIntroduction
A s i te inspect ion was performed at the South Cava l cade S i t e , Houston , Texas
on January 16, 1984. The site is currently bounded by the Houston Belt
Terminal rai lroad tracks to the east , Cava l cade Road to the north , Mis sour i
Pacif ic ra i lroad tracks to the west , and Col 1 ingsworth Road to the south.
The site currently consists of approximately 45 acres on a parcel of land
1-1/2 miles southwest of the intersection between Loop 610 and U .S . Route
59 (Eastex Freeway) .
The majority of the s ite area has formerly been used as a production
fac i l i ty for creosote and other wood .-preservat ive products . From 1 <UI to
1939 the was operated by the Nat ional Lumber and Creosot ing Company. Th i s
operat ion consisted of a production faci l i ty on the southwest corner of the
s i t e and "dr ipp ing" and drying areas toward the center and northern areas
of the S i t e 0 National Lumber and Creosot ing Company operation was
purchased by the Koppers Company in 1940. In addit ion to the wood
preserving operation, a coal tar dist i l lat ion process facility was also
constructed and operated in the southeast corner of the site. Numerous
ponds, tanks, and possibly lagoons by Koppers existed the site. Two known
buried ponds or lagoons (noted on historical aerial photographs and boring
logs) existed in the southwest corner of the site and In the centernorthern area of the s i te . The faci l i ty was closed by Koppers in 1962.
All plant bu i ld ing were removed and the site area was covered with soi l .
Current ly , three pal let ized trucking firms have operat ions located with in
the site boundries; Meridian Transport Company (Merchants Fast MotorizedLines) in the central and southwestern corners of the s ite, Pallet ized
Trucking Inc. in the southeastern corner of the site and Transcon TruckingLines, ion the northern portion of the site, AJF Leasing also operateswithin the property bourtdry on the northeast corner of the site. Both AJF
and Transcon-operations are on a portion of the site owned by the BaptistFoundation of Texas.
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E=;S? ̂?>>^r-ssj-:- s

OSafety
Pr io r to conduct ing
the South Cava l cade
( SEF ) was completed
necessary to conduct

the in i t ia l s i te inspect ion ava i l a b l e information on
s i te to COM was reviewed and the Site Eva l u a t i o n Formto identify the health and safety requirements

o n u c t the in i t ia l s i te inspect ion . Based upon the SEF, theIn i t ia l S i t e Charac t e r i za t i on could be performed in Level D personne l
protect ion with the cont ingency to upgrade to Level C, if necessary. A
Copy of the complete SEF forms for the s ite i n spec t i on is a t tached .

s.p€;rson"gl n d R e '

O
O

The s i t e charac t e r i za t i on was performed by the 3£M II con t rac tor team us i ngthe fo l low ing i nd i v i dua l s :

Ri chard S. Law! is - COM/ Aus t i n
Jeffrey D. Gram - COM/Boston

A l s o presented at the s i te dur ing the In i t ia l S i t e Charac t e r i z a t i on were;
.Inh" CV^U-- -

USEPA - Reg ion V I/Da l t a s
R .F . Weston - TAT/Pa l l a sR . F . Weston -

John Cochran
Kevin Jackson
Warren Zehner

p . --—. . - , ^ i / nuuston
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Eaui pment
Personnel mon i to r i ng instruments usef4 dur i ng the i nve s t i ga t i on cons i s t ed of
tne HNu photoanalyzer with a 10 .2 ion i za t ion potent ia l lamp, MD
Hydrocarbon Analyzer w i th a flame ion i za t i on detec tor , and a Lud l um
rad io log i ca l moni tor ing instrument with a Beta/Gamma pancake probe. Poor
weather dur ing the inves t i ga t ion restr i c ted the use of both the AID
Hydrocarbon Analyzer and the rad io log ica l mon i tor ing instrument . Pr ior to
going on- s i t e , background leve l s were measured with the in s t rument s .
In i t ia l readings with the HNu indicated that Level D would be sa t i s fac tory
to conduct the site character i zat ion . Areas of concern ident i f i ed in the
previous inves t igat ion were examined with the HNu to determine potent ia l
impact to the surround ing ambient env i ronment .
Account of Site Inspect ion
The s ite character i zat ion inspect ion was started at the northern end of the
s i te . In i t i a l l y , the inspect ion was conducted on foot in the areas of the
northern lagoon area . Mon i tor ing w i th the HNu in th is area revealed no
l eve l s of organic vapors above measured off- s i t e background . Access to the
on-s i te monitor ing we l l s cou ld not be Obta ined therefore organ ic vapor
headspace concentrat ions could not be measured. Surf ic ia l so i l s in th i s
northern area had some not iceab le areas of darkened/sta ined area s .
The s ite inspect ion then v/as conducted in the central third area of the
s i t e . This was conducted by veh i c l e w i th locat ion of mon i tor ing we l l s
i d en t i f i ed . Prev ious remedial invest igat ion ac t iv i t i e s revealed no
surf i c ia l contaminat ion evident in th i s area . Th i s port ion of the s ite wascovered with heavy vege t a t i o n .
The southern port ion of the s i te was then inspected . Th i s area was
examined by foot and air vapors monitored with the HNu . No va lue s above
background were noted wi th the instrument . The area of the southern lagoon
was ident if ied as well as the locat ion . gf the former coal d i s t i l l a t i on
fac i l i t y . The area around the port ion of the site present ly owned by
Pa l l e t i z ed Truck ing fence l ine , a pile of debr i s which appeared to be
contaminated with the creosote ex i s ted . Mon i tor ing with the organic vapor
did not indicate elevated read ings . A port ion of the area owned by
Pa l l e t i z ed Truck ing also appeared to have some contaminat ion present . The
area could not be examined in further detai l because of s ite access
prob lems .
The site inspect ion was conducted in Level D personnel protect ive equipment
and no upgrade to Level C required. The site inspect ion lasted
approximately 2 hours.
Summary
Based upon observat ions made during the Init ial Site Character izat ions thefol lowing site character ist ics can be noted:
Topography - The site is level with no d i s t inc t elevated or depressed
areas. Based upon review of the USGS 7 1/2 minute topographic the land
surface of the site slopes gently map a gentle slope throughout the region

r-
oo
oo
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of the sue ex i s t s toward the southeast with a e l eva t i on in the northwest
corner or approx imate ly 55 feet above sea leve l and an e ' e v aMon of
approximate y 50 feet above sea level on the southeast corner". Obs e rva t i o n
>oPograD°y *" "*"*'' d r a 1 n a g e P»"erns would conf i rm th i s reg iona l

Geology - Sur f i c a l l y , exposed so i l s w i th i n the s ite bo' jndr ies cons i s t of a
5-ey s i l ty fine sand Dur i ng the previous remedia l i nve s t i ga t i on conducted
by Camp , ,resser * McKee Inc . ; at a total of 15 so i l bor ings were drifts
-ang ing in depths from 15 to 80 feet with in the South Cava l c ade Street
sue. ThPse soi l bor i ng s genera l ly ind i cated four d i s t i nc t so i l s t rata
varying s l ight ly throughout the area of the s i te . Although there are some
var i a t ons in the e l eva t i on s and th i cknes se s of the s t ra ta , the fol low'™general lied soil s trata appear to be cont inuous throughout the s i te

Strafjm Depth De s c r i p t i o n.! S~?n i ; l l l : S 1 1 t y f ine sand
' '- 1J Sandy clay and clayey sand1 1 1 10-20 Very dense f ine sand
' ' 2 °-30 Very s t i f f clay and s i l ty c lay

Hydrogeology - As oart of the remedia l i n v e s t i g a t i o n conducted prev ious ly
a total o- n ine (9) sha l l ow groundwater mon i tor i ng we l l s and one d»eng-oundwa-r mon i tor i ng we l l were in s ta l l ed wi th in the boundr ie oflhe
s - t e . Dur ing th is groundwater inves t igat ion it was determined that the
p-mc ip l e groundwater regime which i s conta ined w i t h i n the s ite boundr i e scons i s t s of three primary water bear ing layers located at depths of
acprox imate ly 20, 250, and 550 feet rpsnerr ivo l « AH n f ^ .
acuifers are part of the Beaumont V^n?* &h 'l\ e " S^"
t^e Texas Gu l f Coast a r ea . The nine sha l l ow mon i t o r i n g w l u s i n s t an ed att-e site were screened in the upper aqu i fer , wh i l e the deeo wel l wasi n s ta l l ed in the aqu i fer in the approx imate ! * ?qn SL^ L
6-,evat ,ons of groundwater .easur^'C^ \ ̂edi S fn¥^?g«? ns^] "
ws detemmed that in the sha l l ow ,qu,fer. higher g r o u n d w a l e e e v t i o nex i s t on tne eastern boundry of the nronertv anH ci« uf1awaT;er e l e va t i o n s:-:nr rfh

h: v;rtern homriry ̂ ra Sa?w t^r Sg1^. Itn dPS" e dt t^rd'5 " ̂ "^^ ^" d *" the center portL'of "theJ tai— u i iv j — A i V * \ _ . T 1 * J r * v I j \ , r "Q l\J »

Surface Hydrology - Surface water dra inage ex i s t s in the southern port ion
of tne s i te is pr imar i ly in the form of dra inage d i tches located i n t n p
southeastern corner of the site and a storm sewer which waflnsia led ?o
service the truck ing companies , A dra inage d i tch on the western boundry of
tr* s ite also ex ists to service the railway and to provide dra inaae ?H
small pornon of the southwestern area of the s i t e/ The remainder o t e
s ite is poorly ara ined . Reg iona l l y , dra inage is provided by the Hun t i n n
Bayou to the east of the s i te , and L i t t l e Whi te Oak Bayou to the wes? Itwas concluded from the previous remedial inves t igat ion that the sha low
waterbearing ayer (approximate ly 20 feet in depth) may intersect these
f2°cS VhLT t WM.te ''o B?y°U eventually discharges to Buffalo Bajo tothe south of the s i te . Both Buffa lo and Hunt ing bayous eventua l lydischarge to the Houston Ship Channe l . even tua l l y

CO
O
O
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Qua l i t y - Air quality at and in the vic in i ty of the South Cava lcade Street
Si te appears to be representat ive of regional air qual ity. Mon i tor i ng ,
performed during the previous remedial inves t igat ion and In i t ia l Site
Charac t e r i za t i on with an HNu Photanalyzer witn 10 .2 ion izat ion potent ia l
lamp ind icated no levels above background in locat ions throughout the s i t e ,Dur ing the subsurface invest igat ion conducted as part of the remedial
i nve s t i ga t i on , e levated reading were observed from v i sua l ly contaminated
so i l s . With the current s i tuat ion , no potent ia l ex i s ts for contaminat ion
from the s i te to regional air qual ity un less subsurface so i l s are exposed.
Land Use - As previously identif ied the site is current ly occupied by
truck ing firms on the north and the south and is vacant in the center th irdof the s ite . To the southwest of the site there is an oil d i s tr ibut ioncenter operated by Mobil O i l . This operat ion cons i s t s of several above
ground storage tank s , a tank truck f i l l i ng network and an underground O
pipe l i ne . Elsewhere on the west s ide of the oil d i s t r ibut ion center areheav i ly populated neighborhoods to the west . North of the s i te is the
North Cava l cade Street another s i t e , uncontrol led hazardous waste s i t e .
Current ly surface property on this area is occuppied by two warehouse
fac i l i t ies . The adjacent property to the south and east of the s i te
boundries is commercial areas, occupied by addi tona l truck ing f i rms , aniron foundry, and an acetylene production fac i l i ty .
Site Contam ina t i on - Based upon information obtained dur ing the In i t ia l
S i t e Charac ter i za t ion and the previous remedial i nve s t i ga t i on the fo l lowingareas of contaminat ion can be ident i f i ed ;

1) Surf i c i a l Contam ina t i on - Dur ing the In i t ia l Site Charac t e r i za t i on two
areas of exposed contaminat ion where forward on the eastern boundry of the
s i t e near the ra i l roa-" * tracks and dra inage d i t ch . One area cons isted of a
pi le of demo l i t i on mater ia l s from tne old tar p lant . This pi le cons isted
of old t imbers ana bu i l d i ng mater i a l s that were v i s i b l y contaminat ion with
creosote or wood preserv ing products . Moni tor ing of the area with the HNu
revealed no e levated read ing s , however the second area cons i s ted of a patch
of exposed contaminated dark stained so i l s perhaps creosote. Monitor ing ofth i s area wi th the HNu could not be performed because of s i te access
re s t r i c t i on s . However, a notic ible odor was detected and an oily firm
appears on the surface of the water in the drainage d i t ch . Some areas on
the northern port ion of the site appeared to be devoid of vegetat ion and
conta ined stained so i l s . It is assumed this area became contaminated fromthe dr ipp ing/dry ing process .

2) Subsurface Soi l Contam ina t i on - From information co l lected during the
previous remedial inves t igat ion , evidence of extens ive subsurface soi l
contaminat ion ex i s t s . Three known areas of contaminat ion were ident if ied
as: 1) The area in vic in i ty of the old coal d i s ta l l a t i on faci l i ty in thesoutheast corner of the s i te ; 2} An old lagoon assoc iated with the
creosote production faci l ity in the southwest corner of the s i te; and 3) A
second lagoon located approximately 1000 feet south of Cavalcade road in
the center of the site. All three of the areas have been covered withsurf ic ia l so i l s . The soil borings a l so indicate that the contaminat ion
does not ex is t of 50 feet below the ground surface. Samples col lected from
the suspected lagoon areas showed visual s igns of creosote contaminat ionand e levated readings on the HNu photoanalyzer.

O
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3) Sroundwater Contamination - Evaluation of groundwater collected from
the on-site monitoring wel ls indicate extensive contaminat ion of theshallow waterbearing layer (< 20 ft) . Samples collected display visual
discoloration, and analytical results indicated contamination with a wide
variety of compounds associated with creosote and wood products,Analytical results from samples collected frcm the deep groundwater
monitoring well (250 ft aquifer) indicates no contamination of the deeper
groundwater. Samples collected from off-site private groundwater wells
indicated no contamination associated with the site in deeper groundwater.
Recommendations
Based upon the limited previous remedial invest igat ion conducted at. theSouth Cavalcade Street Site, remediation alternatives were identified. Theo
South Cavalcade Street recommendation of the limited feasibility analysis ^.performed on the Site was to excavate known contamination areas and cap theentire site with clean compacted clay fil l . Other site remediation
alternatives identified during the limited feasibil ity study consisted of;

0 So Action
o In-Situ Chemical Fixationo Incineration
o Removal Disposal

The feasibil ity study evaluated these proposed remedial action for
appropriateness against some specified criteria and concluded that the
recommended alternative is as most acceptable considering the intended useof the site.
Observations made during the site characterization reveal surface
act iv it ies for the remedial investigation can be conducted in Level Dpersonnel protection, provided adequate foot and hand protection is
provided. Subsurface activit ies should be performed in Level C with the
contingency to upgrade or downgrade as appropriate. Air .-nonitoring withthe HNu should be performed during all future activit ies.

O
O

cc: EMG Fi le
Document Control NPMO/Annandale

Attachment: SEP.
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ERA WA NO. REM II DOC. NO.

& .South ._
LOCATION X

EP/ REGION
EVALIAIDR . J. Gram

SITE DESCRIPTION.__._.Aw£_ s i t : e s ' approximately 55 acres in s ize , cons isted of wood treat ing operat ions for 21 year
Suspected contaminants inc lude: creosote, pentachlorophenol, and heavy meta l s . Presently ______
no surface contaminat ion source ex i s t s .

SITE MAPS ATTACHED Cl . . .Pro j e c t p lan fromJ983 COM report. .
A *^

BACKGROUND ENVIRONMENT___AM Jubsurface contaminat ion .
AIR Ho contami nat ion n oted during s i t e ______ WATER ,_JJone_ot!Scrved.

survey on 1/1983

Extens ive _suUsurface _contarn inat jon ex i s t s
-yL^2!l9yt_Afl?J)P_un^n§s_o_f the s i t e .

Evidence of groundwater con tam ina t i on
observed during mon i tor i ng we l l samp l i ng - 4/ 1983

ADDITIONAL HAZARDS ON-SITE._. Si t e currently used for a packing and t ru ck i nq operat ions

INFORMATIONAL SOURCES USED. COM report - 7/83

inrrcrTT
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REM I! DOC. NO.

HELD WVESTIGAHON ACTIVITIES COVERED UNDER THIS SEF

TASK NO DESCRIPTION____ ____ __________
A Init ial Site Characterization

POP DOCUMENT CONTROL NO..
PRELIMINARY
SCHEDULE

0 0 1 0 1 2
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SITE PERSONNEL PROTECTION & SAFETY .EVALUATION FORM PAGE 3 OF 8
REM II DOC. NO..

CONTAMINANTS OF CONCERN
GUIDELINE

SHEET I.DL.H.
CONTAMINANT ATTACHED fPPMI

Dimethyphenol
Pentachlorophenol - ISO
Napthalene " =

Fluoranthene
Trichlorobenzene
Bis(chloromethl}ether "
Ethy] benzene
Toluene
Benzene

SOURCE/QUANTITY ROUTE OF SYMPTOMS OF
CHARACTERISTICS EXPOSURE ACUTE EXPOSURE
1000 ppb/ so i l Ing

.ZM^ph/ soU Abs« Inh» In9 ..Irrt .eyes .nausea
73 °0 PPb/ s o i l Absjnhjng IrrLfiyes.nausea
24,000 ppb/soi l
1 10 ,000 ppb/so i l l r t h * l n9 Irrt sk in , eyes

74 ppb/ water Con' Inh

63 ppb/ water I nh , I nn ,Con Irrt. eyes, sk in
130 ppb/water A b s > I n9»Inh Fatigue, dizzenes
63 ppb/water Abs > *nh, Ing Irrt. eyes, sk i n

-Q-O-1 Q 1 x
TJ/ \*> 1 \J i -*

'

INSTRUMENT RESPONSE
FACTORS

RID.' F ID? OTHER

NR riR
NR NR
8 . 1 2 NR
NR NR
NR NR
NR NR

8 . 1 2 100

8.82 ...jos_
9 45 i^n

1 tONIZATKDN POTENTIAL (*/)
2 % AS CH4
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SITE PERSONNEL PROTECTION & SAFETY EVALUATION FORM PAGE 4
REM II DOC. NO.___

OF 6

SITE PERSONNEL
PERSONNEL

NAME

SfTE ACTIVITY . .Jnft iaLSHe.^Characterizat ion

SS NO

- Jeffrey. D. Gram
JLicbard-S.._LawlJS

007 _ .60 .6 1 1 5
46Z_ _.7a -3974

FIRM
COM
.CDM

REGfON

. NOR ..
fJOR .

LE:VPL or
PFWTrCflOM CONTfNGfNCY

C . . . .

. C. _ „ . _ _ . . .

VCHIFY

PERSONNEL PROTECTIVE EGUfPMENT
Acid Res i s tant CoveraUs
Undergloves

vERfY

Steel Toe & Shank Boots l\.
Butyl Bootcoyers __ _ (
Respirator -_GMC|^CartrjdQe j- _Contingency(
S/ran Suit ._-_Cgntjngency^__ t

FIELD MONITORING EQUIPMENT
H-fiii Photoanalyzcr w/ 10 .2 pro£)G
FID Hydrocarbon Analyzer
Geiger Counter w/ Pancake probe

DECON " Weston
•f Q /] 4

of all expendables at an appropriate loca t ion .
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PAGE 5 OF 6
REM II DOC. NO.

CONTINGENCY CONTACTS

AGENCY CONTACT

*F»RE DEPARTMENT City of Houston
POLICE DEPARTMENT .0.1 ty_pf_HoyS ton_Harris County
HEALTH DEPARFMENT ..„___ _.___ __

• POISON CONTROL
CENTER _____________

• STATE
ENVIRONMENTAL AGENCY___JDN

• EPA REGIONAL OFFICE

• EPA ERT, (COM
• STATE SPILL

CONTRACTOR

• DENOTES REQUIRED INFORMATION

PHONE NO AGENCY CONTACT

(7 13 ) 227-2323 STATE POUCE ________
IZJ3U22J1.3JL FA A. . _„..„_. _ _ _ . .

:2=86_85_ CivrL DEFENSE . . . . . . . . . . . . .
_ •ON SITE COORDINATOR ._TL_JL[

- 24-Ffour Hotline Agatha Corp.

-CZI3I .463-8261

4Z13)-463=826L

i-(aoo)

MEDICAL EMERGENCY
NAME OF HOSPtTALrjlf2en_G£neraJ_JiQSpftaJ__„_ ADDRESS 7407 ..Nocth^reeway-- Houston-__PHONE NO _L'^i_.^

„_____._.... ... . „_____PHONE NO

(713) 691-3531
NAME OF CONTACT __ .ADDRESS _ _ ._
MAP OR ROUTE TO HOSPITAL, Jlkl^j^J£^de.e_a 5t to.Route 59* Route 59 to 61° wes t- Route 610 west to North Freeway

exit at York_jt_reet_._Tak e__r i g h t_ o n_Mo ] Jy , _ Fjos p f taj ̂ o n 1 ef t._

TRAVEL TIME
FROM SITE (MINUTES) .

DISTANCE TO
._ HOSPITAL (MIEES)

NAME OF 24 HR. ,
AMBULANCE SERVICE J7 1 3/0 0 1 0 1 5
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srre PERSONNEL PROTECTION & SAFETY EVALUATION FORM PAGE 6 OF 6
REM II DOC. NO.

SEF REVIEW

' f .

COMMENTS:

t haw matf. understood. ar*rf agrpod wflh fho Information sot forth (r> this Personnel Profoctfort and Safely Evaluation Form (and
attachments? anrf dfscirssed in Prcsifs Vtsif HeaMh and Safoty briefrng

DAfE

SrTE PERSOWMEL
____Jeffrey D ,_Qram _
_ Rfchard 5. Lawlfs

/, H5.M. APPROVAL ^-^M& '
TT

OATg

R HSS SIGNATUflE

COMMENTS: _.

DATE

SfTE H & S BRtEFENG

BY^?:̂ ::3!'1.. __._.__..______ ON.
BRIEFING TOPICS _ ̂ .^A^^L L-^rZ L_xl_ „

Issues, & Site Inspection Protocol

1/16/85
tiealth

RBM u DATE
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quireo an rf hour nxposure at about bOOO npm (3S° O to kill
rour or su rati Signs oi gross overexpasure were van/ing
degrees or ataxia, prostration, ana respiratory distress loi-
loweo bv narcosis Those that survived appeared to recover
without signif icant signs of exposure.1'1

Shed Chemical Corporation' 1 ' presents the following
observations m respect to sensory responses reported by
unconditioned personnel during or iollo%vtni> S-mmuie ex-
posu'es to ihe vapor

Th'eshoid. odor b upm
50% Thresnold. uve irritation 50 pom
50% Threshold, nose irr itat ion 50 ppm

No incidents ot illness caused bv industrial handling of
EAK Have been reported. Workers mav complain or odor

and transient eve irritation when handled m poonv venti-
lated areas when the concentration exceeds 25 ppm. but
experience shows lhat transient responses do not lead to
signihcant systemic eitects.'"

Accordingly, the TLV o( 25 ppm is recommended as a
comiort level tor unconditioned woikers. :>

References:
1. /nt/uHoj/ Hvt»ene Bulletin SC 57 59. Shell Chemical Corpora-

tion. SY iMjrcn 19561.
2. Communication imm O M. Bantu. Ind. Hvtjiermi. Shell Chemi-

cal Cofpo'dtion. iMav 20. 1965t.

ETHYL BENZENE
Phenvlethylene
C,H,
TLV, 100 ppm ( =fe 435 mg/m j)
$m, 125 ppm ( ^ S45 mg/m j)

or .'(J6 /6,
<C
mm

~>i J
01 a/r

hen/ene 's
<;uor n JMS d moiecutdf u^

,1 QI OStiJSS Jt J > 'C J^r; d
( JO" C The vjoor tit-nsifv -s J r f/mes

'5dfi,'Jfe'i ,)'f wifft the vjpor jr Jb*C jnrt
J jj* 'f (joi'i df 'lf>2°C jna 'reetet jt -^OJT The
r/oseo cuo /'asn p^jin/ /s />_)" f dufo»tjmnon temoerjiure /s
810° f don >;, a nre nsi.""1 fir'V/ Cen^en*1 »i on'v

tvj/er d/ T 5 ° C (14m%.- ICOmL). but i( mj
dno emer

comoound c, ernploved as a solvent and as an
-n the proouction or stvrene

i henzene toxic i tv is charactenzod bv its irntancv lo
jna loss mjrkedlv. 10 me mucous men-infants

a anpncaiion 01 the iiciu^u to the vttn oi rabbits
•odaenrnij dnc) '.ome evioi iat ion and b l i s t er ing 1 * ' 1
' ' rijracterized pihvi benzene as the most severe
or the heniene series.

On ;^e eves and nose, the vapor at 5000 npm causes
ou- i r r i ta t ion : at 2000 ppm. eve irr i tat ion ana tacr i -
arc 'inmodiate and severe, and are accompanied bv

mnoe<aie nasal i rr i ta t ion , decreasing somewnat m several
minutes, at 1000 ppm, irritation ana tearing, but tolerance
develops rapidlv; ana at JOO ppm, the vapor has a transient
irr itant on human eves.' 1 '

Like benzene, its acute toxicitv •$ low; the dose ratal lo
guinea pigs m a tew minutes was 10.000 ppm'4' and 5000
ppm dangerous to life m JO to 60 minutes; animals dying

Ot*itei

O

O
exposure ^dd mien-.*1 t an^e^non ana edema ot (he
jna tenerauzed \i--cerai nvperem.a ^He narcotic

dose tor ammji* .\as tO'XXJ nom. reacneo n !M minutes
preceded b\ -.erh^o unsteadirifis and a t a x r a

Chronic iriralai'on exoosure 01 guinea r>it>y monkevs.
rant)'is d<-a ̂ j r s a; ^oncentfdt ions trom -iOO nom to 2.-00
opm seven to e-^ni nours dd'. . '>\e ua.i' \veek ior as ionf>
js six months prouuted r-o ejects m an soecies Qxceot me
rat \\hic". ir-ow-ea d si ignt increase .n me wt"gnts 01 t*^e
k.dnevs and nver s . on the a^c-ra^e. 'or those exposed **t -J^O
opm tur I8h aavs The investigators concluded that -WX)
ppm \vas the oegrnn/ng enect H?\,PI tor chrome mnaiation
oi the \.aoor -'

U is aopareni thai, a-, ro svstemic ertects can pe expert-
r>rt at le\,t?ts croaucini; distmcnv .:.sa«rt'eaD!e ikm ana eve
i r r i tat ion :^e TLV must be tidieu on tne iaaer et'ects. for
:ne preve^-iion 01 ciisagreean'e 'rrr i^non j i"L\ o' 100 ppm
and a STEl 01 1J5 ppm art- recommended

Other Tcommpnadnons: C£fcnosiovaktd ( 19rh) «5
Dpm: PoUnd C ( ' r5l 25 ppm
References:
t. Gerardt. H.W.: Industrial Hve<ene & toxicology, 2nd ed.. Vol.

If. p. 1231. intencience. NY (l%3[.
2. Wol*. M.A. et j/ .-\rch. Ind. HeJUh J4 J87 ( 19S61 .
1 Oellel. H-: Arch. txp. Pith. Phjrmtk. ?8J:6Jt ( 1936) .
4. Yant, W.P.. Schrenk, H.H.. Waite, C.P., Plttv, f.A.: Pub. Health

Kept. J>;1241 ( 1930) .
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ski t>r a. 1 '- ' 1 rpoonpG '"at _!5"*> ot b3 workers r.jra"-e c- 'o-
rc'orm .n a chemical piant hja enlarged livers the 'eneths
of empiovment were between i ana 4 years Concentra-
tions 01 criiocororm m jjr rar.gea trom 10 10 JQQ epr^

in ihe view of recent reports on carcinogenic. u ana
t?mnr\oioxidtv or chloroform. the Committee recomrren.
dat'on ror TLV chlorororm is 10 ncrn as tVVA ana o a s s - f - c a -
hon as ^n industr ia l Si-Dsiance Suspect ot Caronoge^ c ?n-
tennai tor Man t -\^j -i concent rat ,on ot 10 ppm is ore ? ';n
01 me conrenfation at wnicrt organ miurv was co^erxea
art! <-i nan or r?-e concentration wnicn would be c*?riveo
comparing tfie roxic i tv ot other organic soive^s - •
MObH «»comrneofjea rn !9~4 A K1. '0 pom as r\\ •x - ana
m 19~f» umerea t^e ^a'ue to J ppm because ut susceueu
carc.ncgemc potential ot er.iorotorm •'"

Fore-gn industrial Asr Standards (taken rrom Reie'ence
' < ! ) - Bulgaria. 30 pom. Chechoslovakia H) nom. :of -met
exposures. 50 Dpm fmijna, bO cpm Hungary. 4 opr^ 'or
br»et etnosures ^0 ppm Japan. 50 com
Rumania. '0 opm > utjosidv/a. 50 ppm
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bis(CHLOROMETHYL) ETHER
hisCME
LCH OCH C'
TLV. 0.001 ppm t ^ 0.005 mg/m : j . Appendix Ala —

Carcinogen

Ol Ouimofuirv .iCt'rtomab oc.r^rrt 'd .11 mice uDOn ' . >-
peatea ua.u cxposurns to nisCMi. .1! ' npm ana -^01.0'
ceil * arar.umd1) at me (une .ma eitmoneufOfD.irie'n.-
Ol the oieiacron, epithelium .« f.urreU ;n rats roiloxving itrr,
iijr conditions ot tonjidi ion exposure at a repcrteo 0 ! oom

j v
fC' * ' t/ jr

e jjor
ve, . c;u as

rrt>!~t

i t, * C'C13 C.a C : >v <m
use o/ CMf. -.fn/cn in //ie t)fe*enct> >,r

n\aro%en or nvarovu /am <mo '^ces o' ivdfer - - s -
to d/oeivoes Jna metntjl. \\ricn -.n '^,-n

fo form ttisCAtf /( is $OiuO/e /n ji; pcooornons
• n d/cono/ dno (??ner. out /s ttecomposeo J^v uaft?r <nfo ftv-

cnlonae dna formd/dehvoe
<s no longer u^ed tor chioromeirnfanon .n in-

dustry. but is uSr'O as the monitorini* indicator lor CME.
because ot its greater stability m workroom air . anu as an
intermediate m amonic exchange strong-base resins ot tf;e
r]ua(emarv ammonium tvpe.

The carcinogenic potencv of btsCMfc is greater than
CME. Auention was first called to the atpha-halo-etners as
alkvlatmg carcinogens bv Van Duuren e( a/; 1" bisCMf was
founa to be a potent alkvfating carcinogen tor mouse skin.
more potent than either the oefa-Iactones f/?-t'opiofac-
tone) or epoxides (1-diepoxvbutanej. 5ubsequentiv. bis-
CME was reported to be a htghtv potent mducer ot tumors
m the respiratory tract in mice1" and rdls."1 Increased num-

That nisCME could he tarcmoeenic 'or man was !-rst
obserxeu in !%•( ano i%5 lonowm^ me oeams trom iunn
cancer of iwo routine v voung emptoxoes agea -J3 ana J5
vears respect ive'v, ,xno had -Adf^va n cnioromeihvia;>on
operat ions 1 " Late r . :%7. d J9-v e a r old maie chemist AHO
haa v\orkeo m botn the research Mborato rv ano pi lot piont
dur ing the oer.oo i^Sl to 1%^ o<e(i ot lung cancer A
rou^n !uni» cancer aeaih ccfurrc?a m 1971 in a j^-;ear oia
emoiovce who ,\as nrst empioveea two vears earner Thts
empiovee had. however 'coortediv wcrkca m tne \\Afe-
House anu tank tarm ana inus .vas re iatf-e iv removea "cm
direct comact w i t n cnioromeinvi ether ooeradons. Two ad-
dmonai emoiovees are currentiv aiue. oui vvnh lung can-
cer one. Jge oO. had uorkeo in the research and devel-
opment laboratory, the other, had worked tor (3 vears m
the i-varehouse and m the steam-lube oner operation m
the ion-excnange department. Although five ol the six lung
cancer employees were considered tobacco smokers, this
distr ibution of smokers is not too dissimilar trom tnat ot
the general population. This ract, coupled with relatively
high inc.dence of lung cancer, (6 ot approximately 100 em-
ployees), the relatively youthful age when (he cancers ap-
peared. and the demonstrated potency ot tl'e chloromethvi
ethers tor animals'5 ' make these ethers highlv suspicious ot
being carcinogenic for man

Further animal experimental evidence of the potent
cancengenicity ot bisCME was provided in a report'"1 ol
(he undtng lhat 98 of 111 rats had gross or microscopic
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I
d ><nof.ir ,ii the TIA can ho dermed
'here n l i tt le evidence that exposure

ui < oncemrj t ions tieiow J5 ppm c.a ises
s <>f anv una. Se t t i n g the FIA di 10 DDrn js a

wo'^tea -neratje, provmes an -jaaea marii in oi sa ie iv
ir rrip standard is 10 be sot at the lowest practicable Of-

tccu^le lunil. it is ihe opinion ot somo members 01 IHP
Cor"-nittpe mat a \aiue lower man i pom should be SOUKI-
fd '~ 'he jusence OF interfering substances benzene \acor
ran ~.e measured witn roasonatik1 accuracy m concentra-
tion* *i least js low as 0.1 ppm, m me presence ot rer id in

nces. d mav DP oi incuU to rel ieve the presrnoeo
and re l iab i l i ty even dt concentrat ions somewnai
ppm

the effects the HV K designed to prevent ar->
m nature, a cei l ing desiccation is not appropriate

$T£L ol J5 ppm is recommt'noed
-.e' rcr'ommpndations: A\SI n°69t 10 ppm: Czec^o-
< i ; 10*191 :h pnnr USSR ( 1972 ) 16 pnm. DOR ( "9" ) )

16 ps^. 5w :aen ( 1975) 10 ppm; BRD r97.ll 0 ppm ( t r e a t s
as care

ana

I
I
I
I
I
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id was touruj ;o be h igrer man
population amont; t e r t a ^ n groups nt ruooer

. • ' < . Monson ana Sakano 1 ' ' 1 'ouncj Si cases or leukemia .s
41 expected. among ruober corners i t was noted i * >a i r:en-
;enf nac. oeen u- ed extens ively m me ruoper industry out
•S no longer empioved. aithougn ;t is a contaminant 01 ex-
tens ive iv used naphtha solvents The degree 01 exposure io
nenzene m 'tie ruober fnc iustrv uunng tne nrs i nan or ihp
' .9-U).l')5iJ detaue mav wen have ceen excess ive . v\tlsorv* j t
has notea deaths ana rjioon dKncrmai i i i e i among workers
tn ihe rubber mcjustrv aurm^ me war vear s wr:> were ex-
posed. on me average , 10 concentrat ions 01 oenzene vapor
Ol 'GO ppm SeitruT \lonsOn-\akano or other authors or
s imitar papers quoted m ihe XiOSH undaie mennon
whether or not apiasuc anemia or other tjiooo avscra s i a s .
apart irom leuKomia. occurred m me groups o; workersmat were studied

Nevertheless OSHH m 197~. .ssueei an Emergency Tem-
porary Standard f E T S J ' * ' e s . a c i i s r t i r c a UV A l imn ot 1 ppm
tor Penmen-? vapor (Enforcement ct th is standard was void-
ed by tnp court s ) Mu<;n of M'O evidence subs tan t i a t i ng th i s
action was me same as mat auoteo <n ihe MO5H update
However , one j i ja idonai paper was c itea hv irn^nte ef
j i. • ' m which nine leukemia dea 'ns wort 1 repo'lea :rom
two ruooer him cas t i ng plants wnere benzene vapor con-
cen irahons anegediv ranged rrom 0 to 15 ppm This report
was cr i t i ca l ly examined :n OSH-\ reanngs on a permanent
- tannaro , w i t f i Oisent ia i iv the same provis ions as :he E T 5 .
whF c n ;verp reifl fJuf ing tr.e sumrrer o' i 977 The data on
Dervene expnsur i? m me two plan;s ^n Quest ion , especiai lv
dud 1" q me f i r s t pan ot me fen -.ear employment penoo
( 1 ^0 * 1 (o 1950) i.overeu ov me siuav were muna to be m-
comoieie. unrpnat ) te ana con irac .ctorv. Even ,n 1976 a
MCJin report ot one Of the p l an t s nvo l v eO. or its Succes-
sor. -nowe-ij contentfut ions m excess oi 15 pprn ^i several
ioca: ons "3| A stuav t:v Harr i s e( a/ lW 1 m 19T3 ana 1974
rev-ea.eo s im i lar ' .names , d i thout jr :he overall ave.'a^e ot
ji l -id mote resui is rtds s l i g n t l v JDc^e 1 ppm Qunng the
penca '9-0 to 1945 or so, wnen -nanv ot ihe involved
wo r k e r s were empioveo. the perrrnssiole concentrat ion tor
Sen/eie exposure (A$-\ ^ lanaara i ,\as KJO rpm in com-
mon v\i in mo papers c i tea bv the v.OSH update, ^o r-ior-
rri. i jti . in on - , t n e r Diooa aonormaut.t 's was given in the in-
'ante report .

Eoicemioiocj ic studies oi workers exposed to measured
'ow concentrat ions ot benzene vapor nave vieideo neea-
• ivu or inconclusive results . Thorpe"1" 3 i t e r s iut jv ing the
occurrence oi leukemia m a population oi 38.000 workers
m a va r t e t v oi European pet io leum and petrocnemicai op-
erat ions . some oi vvnom were exposed at levels ot benzene
that occasional reacnea ^0 porn over a period oi ten
• -ears , round that deaths from leukemia "were not abnor-
mal ' 'or the countries involved 1 18 \s JJ.23 expected) .

Reirospecttve studies oi emoiovees oi a large chemical
companv. exposed tor many vears to benzene, mostly at
low levels, revealed no excess mortal ity '" * ; i A cohort oi
594 workmen were divided into ["our exposure groups- \erv
low exposures, less than J ppm as time weighted average
( FV\A t , low exposures, 2-9 ppm: moderate exposures. 9-24
ppn: and high exposures, above 25 ppm In manv areas
inert? v.as exposure to other chem:cai$ as wed as to ben-
;ene The duration ot exposure was also divided into lour
groups, with 186 workers having in excess oi JO years.

Ot 10.1 . ; <?jtn^ two .vere due so anemia two to -cuke
mia dnn cr*«_'; 'ad ieL,K.emia as a complication Of tnpse f - v e
cases , oniv one an autopsv-roniirrned pernicious anemia.
.nvoived a : .rpvious evposure to tienzene oi s iynincanre.
S5JU pr-m ;rcntr,i The omer anemia aeatf -nagnoseU as
Kemg or mp dmast ic t' .pe. was oi a worker with 45j pprn
monm<; oi t;en;ene exposure- Two ot ihe leukemia cases
.nvo ivor ] enoobuft's oi $45 and 305 ppm montns. re-cpec i i\e iv. wn i ' t » tne third was 01 a worker with oniv 18
r>nm monir.s oen^ene trxposure.

To put these exposure aata in perspect ive, three ot the
ceceaiea wi>r«ers naa ^ad exposures to benzene eauiva-
ieni ;o 4il \ear s employment m concentrations- s i ignt lv
ooove or oeiovv 1 pom: the exposure oi the tounn, it
spread over iO vears would have been ai a concentrationoi 005 opm

The predicted rteatn« rrom anemia ana leukemia were
03 ana 1 res i j eet ivetv The tac t tha t , apart rrom the p e r n > -
c .ous anemia ceam. mere jDpeared to nave oeerfiQo oose
response reianonsrnp. aoparent iv led lo the conclusion i-.t
'^e au thor s -na t "no mortality t.n<jmt>s ctirecttv jttriD
.'o CL'ntene exposure were ooserveo" O

Tho MQSh unaate mentions the cons istent^fes
nons oi cnromosomal aberrat ions associated with tienzene
excosure, but fur ther comments mat the impiicaTons oi
these [ incl ines w i th resoect to benzene leukemiaO-e sti l l
no! c lear. The possoiutv oi a chromosomal ins taomtv ac t-
ing as a s t imu lus sor a latent leukemogenic virus has Deen
specu iateo ufion -" This question was discussed at some

at me imecnat ionai Workshop on (he Toxicology oi
e r.r'-o ;n Pans m \cvemoer 19*6. Tough1"1 had

prev ious iv reporreo that marked aberrat ions were lound
cniv -n p iant > wnere <:oncentrai ions oi benzene vapor
were eeneved to be between J5 ano 250 ppm. ana that nc
s i gn i f i can t changes were observed at 12 ppm. Form.HM
however , s ta l ed mat there naa been a few posit ive, as iveif
as negat ive , repons at levels between 5 and ^5 ppm The
consensus or opinion was that the s ignif icance of ihe r ind-
ing oi increased chromosome aberrations lor the occur-
rence oi oenzene leuia-mia was st i l l not cfear Maueen and
PolUm'"- 1 reported t h a t among ;tauan shoe workers "a/mos(
d// the cases or naemoojthv aue to t)en^ol vin/ch /ejd (o
deatn ?now reaiures or rt'rm.nj/ leukemia. . jna f.'he leu-
keinust were atwdvs preceded bv ap/ds(«r conc/if/ons '

Opinions oi the workshop participant relat ive to me
appropr iate TLV for benzene were var ied. The nnai recom-
rtiflaanon was to reta in 10 opm as a permissible TWA
which must not be exceeded, but it was also soecittea 'hat
benzene should not be employed when subst i tute mate-rials were avai lable .

DeGowm's repO'!'4" 1 oi a case ot leukemia inflowing an
apparent oenzene-'nouced aplaslic anemia contains a c' ls-
cussion which implies that there is evidence trial aplast ic
anemia per ie may lead to leukemia, and that delaved
cases oi this disease are not contmed to aplaslic anemiadue to ben*ene.

It is the opinion oi the Committee that the character iza-
tion oi benzene as a lcu''.emogen, bv NIOSH. is. in essense,
valid, although benzene mav be what Truhaut has de-
scribed as a "secondary carcinogen"'.'481 An A2 notation
should be applied to benzene m the RV list ings.

On the other hand, the Committee does not agree with
the NIOSH recommendation ol 1 ppm as an occupational
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•act-
n '. fipmirafs *[ 's tound m gjsonnp imm
.•} jb mucn as JO'a concentration in some

-.1 u^ .ti'uic noison oenzene produces narcotic e'rect>
:ompardoie fo 'nose or toluene, it is a more potent njrcot-
; *"an '-e jiha^es or napnthenes ot similar r,omn^ points
:^r :n.- ••".•'CT. • - • ' rnronic exposure to trm compound is m
'^r rn*> inrn-i sef ous disease caust.'d nv anv 01 'he common
rmroca^on so. vents Its action on IMP Done marrow mav
--iun <n netectjof,? adorations and. :n ^ome instances.
jciasnc anemia The reporteo LD-n orally m vaunt,- aault
M'S iS j S mL 'kg >' '

if is uf.ifjue a-nonq ."ivdrocjrDons as a mveiotoxicjni.'-'1
vorp trjn t-a) ratdf cases or benzene poisoning had been
rr><0rriPM .inn. io 1959 (" Vigiiani and Saifa l J | listed ,26
.•ledfhs i mm chransc benzene notsonme m fvvo provinces
>n nalv netween 1*^0 ana 1%3. Eleven oi th^se were diae-
ni *>ed a-* 'eu*.emta. wn:ch mav aeve»op several vears after
cessation nt exposure to benzene.

MOSI deaths r-om benzene ^ave resulied from expo-
sure*. OI :ne order or ^00 pprn or more. In a few instances

1000 or even JOOG opm have neen rec-
wnere aeatns occurred. Some or rnese

are leakje. '' 2^.0 '.a 1050 ppm Greenouf^.'"1 70 to '800
ppr- wnn over nan above 200. Bjwadcn- ' ' 100 to JOO +
meaiufpa. one leiin^mia case descnoea bv Hunter"*' ind
Ma- orv •' S-K vears jfter exposure at over 200 npm. Green-
bu^e '-'' 25 rj 100G npm >n lour rooms. Hpfmer'" ' KO to
JOO com a;:er improvements; Sawtahti . ' '- ' 1 318, -+Ji and 4TO
pprr> \o/iovd ';i i 4" !O jtO pprn; \, pliant. •" 190 to o*n) ppfTi.
jitrr rour '.ears deam from leukemia, luzwiak.' '" 31 m 156
pprr \K-O\.' i: 150 to b50 Dpm, ana 21C to biO pom "•' 36
pan^'iis .v ith acute leukemia or ore'eukemi,]. Jkeua. 1 "' 100
TO ocO p«rn. 7 deains, all females, none rrom leukemia

•,\ :rtstij-.v ' '
3 ' however, reported blood c^anijes in work-

ers wf pri? concentration^ or ben^ene vaoor JJI.MOW 100 opm
'ouna. Hermann and Ford 1"" 'ouna one aeatn and
cases with niooa changes wn«re arf analysis tor ben-
iMouet; a concentration or 105 com WiKon'-'01 re-
u i^-te ratai ca^s m a plant .\nere the average con-

centra;ion of benzene vaoor ^vas KJ() ppm. in a rain room
assoc.a'ed xvitr; berue^e potsonmc, Crpenbure1 Dl 'ound 11po 5" nnm So rar as ca.o be determined the lowest mea-
yurt-fi <: jncentrjt ion oi oenzene vaoor associatea \virn a
Mtal case or benzene intoxication taue lo apiasdc anemia)
^vas i^e nO ppm reponec bv Hardv ana £!kms in 1948.1-"1 m
d fjfani .more repeaieo airanalvses were maae. and a num-
ber or other workers snowed some blood abnormalities.

Blanev--'1 'ound little evidence ot ben/ene intoxication
in a gro^o o' 00 v\ orders rp^ularfv exposed to benzene tor
aooui ' i vears Concenrrations were generi'iiv low. but un-
nar\ pnenoi measurements indicated sor'.ie exposures 01
rhe order ot J5 ppm ;ii A roftowup several years laler
snowed no evidence ot persisting blood dvscrasias. \o
ca^es 01 leukemia are known to have occurred in this
group of workers Pagnotto e( d/1-41 lound workers m rub-
ber spreading operations involving naphtha uuh a reia-
nvt'lv ni^n bervene content exposed to benzene m con-
centrations wmch were ior (he most part betvveen 6 and 25
ppm -\ nurnner or blood studies showed a tew abr.ormaii-
iies but only f.vo were se>ous (o warrant special cons'der-
ation 1,1 one case the possibility of leukemia was raised.
bul on bemg removed rrom his job and given iron therapv

(he a ' j < kpr r*»covF"eo Because or several /GO changes nis
benzene evoosure cauid noi oe ryiiabiv estimated

fhp ot'tnr worker w^s m a C^roup ^rudii'd rntensrveiv
over j oerson ci several vcars ov Pjanorto ••" He had a r«a
count ^efow four rnirdon a hnmotnobm tjeiow tweive
grams jnd sjitered "orn nuie bleeds. His oenzene expo-
sure, ji estimated 'rom several unnarv pnenoi deiermrna-
non? .-.d-> to about JO ppm Arter his exposure TO oenzene
was :o'Ttinated. -h-'S blooo picture graduaj/v re'urned lo
normal The J8 worKers 'n this plant were loilowed uo tor
15 vears jrrcr (he use or njpntna containing benzene was

None snowed anv signs ot permanent nlood
There were tnree deaths, none hemp, irom

!ouki»rr!ia. li was concluded that 25 ppr* or benzene vaoor
ii sale ror most workers, but that since tne mjrgjn or saretv
is small 3 TLV ot 10 ppm was recCmmpnfiea 1/if ffkins!- 1 '" <n
a summarv of the unointjs m the ruober spreading industry .
carr-e :o a similar conclusion ™

These conclusions were consistent wuh (hose >V
Fuchs'-'"' m J*>9, wnn found variations in rhe Diood ^1^3
lures 01 three workers out did nut consider '^ai fn*?"^^rnanees .vere proven to result trom tneir nenze^e -.'»oo-
luresor 19 J8 and -li ppm. respectively Me also sfdfeo tniK
tie couid nntj no data m the literature on proved nenzen
poisoning m concentrations below Ih ppm nor could he
find anv Soviet report \vhich cited reasons tor decreasing
;he Russian MAC lo o ppm.

Two investigators hd\,e studied the eitecss on rai5 ot
exposures at relatively low levels 01 hen/ene vaoor extena-
ed periods Oeicnmann ei j/1^' found ;nat after 5 to 8
weeks ot 5 hour dav. 5 davs/week exposure ai JJ ana 4™
ppm. rats developed a rroderate degree oi leuKooema, but
that none resulted from 15 to 31 ppm Sau ef d^-5' found a
decrease in the white blood cell counts of r^ts following
?56 hours ot exposure at 50 ppm or ben tene on a schedule
ot 8 hours, cav, 5 davs week. Ref jced arroums ot D^-A m
the wmte ceils, a oeore^sion m mvelorvtu: activuv and an
increase rn me relative numbers oi rea ceif precursors m
the bone marrow were also ooserved.

There nave been numerous reviews ot the literature ot
benzene intoxication Noteworthy are inose oi the Na-
tional Acaaemv ot Sciences in !9r5'Wi ann the MOSH
criteria document on oenzene. puohsned m )9r'J '>'> As a
resun of this extrpmciv thorough review. MOSH recom-
mended a workplace time weighted average standard oi 10
ppm. wiih a ceiimg at 25 pom.

In iyr6. however. MOSH issued a revised recommenda-
tion for an occupational exposure standard ror uenzene. l ) : i
The kev to this recommendation is the statement in the
introduction that "Because it ;s not jt present oossibte to
f?5/<?rj/is/i a sjre exoosure /eve/ tor d cdrc/not;erT. tne

to restrict e-vposi/re fo vorv low
can sail be reiuofy measured m the workoijce. ' \

number oi references are $iven, pnmanlv 'o support the
character^auon oi benzene as a carcinogen (leukemogen).
Thus most relate lo leukemia cases associated with heavv
benzene exposures, either measured or mierred from asso-
ciation with numerous cases ot aplastic anemia or otner
blood dvscrasias. Others are epidemioiogic studies on can-
cer m wmch no evidence ot the degree, or even tact, ot
beniene exposure is cited. Thus m ai least two of these
papers.lt)J4' fne word "benzene" does not appear, In these
and other papers (he incidence of various (vpe* or cancer.
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BENOMYL
Melhvl l-<butylcarbamovl)-2-benzimida;olecarbamale;
Beniate
C.H.N.O
TLV. 10 mg/m>
STEL, 15mg/mJ

a white crystalline sond. which has a mole-
cular wetqnt or 290.32. tt deco/T>/jo*ps without melting and
/Jai a neziix ale vapor pressure, indicating exposure would
be 'ii oartic'jtjte :orm. Verv slishtiv soluble in ivarer. it is
soluble in Kriene, acetone, dimeinvltormamtde and chloro-
form '* f/uocomef/.T and co/or/metric"'and liquid chroma-
loerjohtc1" procedures tor determining residues ot beno-
mv/ /ijve been published.

Benomvi s ;he common name 'or th is fungicide and
ascanode

The acute oral LD-ji 'or the rate is >K)000 mg.'kg The
acute s* .n absorption lO^ lor the rauou is > 10.000 mg/kg
Application tc fhe snavea intact ^Kin ot ten male guinea
pigs, at each *>vel as aaueous suspensions containing 5,
12 .5 d^a J5% benomyl as the a c t i v e irgreaient m A 50%
wettaoie povsCf-r. resulted in negiu^Dle irmauon One of
ten guinea rsni) nad mud ervthema .wo cavs after applica-
tion at rhe niEr. rate. All guinea pies at tne iwo lower rates
and m a confot showed no irr i tat ion a l ter two davs V In-
stillation into :rp eves ot raotnts 01 !i) mg ot dry 50% pow-
der or 0 1 ml f,' '0% susoension m nrneral oil causea oniv
tempofarv mitci -.oniunct ivai i r r i ta t ion ' ; | The acute ,nhala-
lion LCo IS i^'jOO mg/nr (> I ms;, C) tor ran 1 ' and is
equivalent to ^3^5 mg m j {> 0825 mg/LJ lor dog"' tor
four-hour exposures. Histoiogicailv. there was reduction of
spermatogemc dct ivuv m some animais With regard to th is
activitv. no-etteci levels tor oenomvl ~or tour-hour expo-
sures are eauiva.ent to > lOG <410 m^.-m» (> 0 1 <041
mg/O 'c/ tne ra? ana > 325 <835 mg.-rn- (> (1325 <;"o825
tig/I,) tor the cog. Addit ional ly tmeen tour-hour inhala-
tion exposures at (he equivalent oi 1()0 mg/m' (0.1 mg/U
01 henomvl over a period ot three weetcs produced no clin-
ical or mstopdirciogic ind i cat ion ot accumulat ive effec t s
m the rt 1.

 4|

A low order or tox ic i tv nas been found m chrome stud-
ies. In Kvo-vear reeding studies no-ettect levels m the diet
are J500 corn (025\J tor rats (highest levei ted) and 500

CO.SHiCH^CH,
N.

NHCOOCH,

(0.05%) tor dogs. Pesticide residue tolerances have
been established in many food crops. They are as high as
15 ppm ror stone tru i ts and food additive tolerances are as
High as 50 ppm tor raisins,1" (n a three-generation rat re-
production studv no compound-related reproduction- or
lactation differences were observed among control and
test groups even at 2500 ppm (0.25%), the nignesi dietary
levei fed In a teratogenic studv m rat neither tne cyaicome
r)f pregnancy nor emorvonai development was affected
eve" at 5000 ppm (0.50%). the hignest dieta. 'V level On. In a
dominant letha! rnutagenic studv m the rat, beno"€5& was
not mutagenic at 2500 ppm (0 25%}. the highest dieUiv lev-
el led lij

Caramer et af-1 showed that rat and aog eliminated
>99% ot single, oral doses of 2- 1 JC benomvi via th&ifine
and icces wthm 72 hours. The rnaior metabolite was me-
thyl 5-nvdroxv-2"ben2imidazolo-caroamate which was
present m the urine as giucuronide and/or suitate coniu-
gaies Residue data on dog and rat tissues trorn iwo-vear
chronic teedmg studies demonstrated that benomvi and its
metabolites do not accumulate in animal tissues.

In view of ihe low order of acute and chronic toxicu*-
the HV or 10 mg/nv and the STEl ot 15 mg/m* appear
appropriate-
References:
t. I.I. du Ponl de Nemours & Co,. Inc.: Technical data s*-<eel (lune

2. Pease, H.I.. ' Holl. R.F.: /. Assoc. O'/'C. Art*!. Chem.
54<6f 1399-140^ ( 1971)

3. KirMand, U., Holt, R.f., Pejse. H.L; / Agr, food Chc.-n

4. £.1. du Pont de Nemours & Co., Inc.: Unpublished
5. Shennan, H., Culik, R,, Jackson, R.A.: fox. Appi, Pharm. J/J05-

315 ( 1975) .
6. Gjrdiner, \A., KirkUnd, (.)., Kloppmg H.L: /. Agr. food Chem.

KtlWi-42.7 (19M)

BENZENE

TIV. 10 ppm ( ^ JO mg/mjl. Appendix A2 — Suspected
Carcinogen
STEL. 25 ppm ( ^ 75 mg/m j). Appendix A2

is 3 colorless. >on*polar iirjutd, u-ir/i an odor
characteristic ot aromatic hydrocarbons. It has a molecular
weight ot 73. 1 1. a boiling point ot 80. 1 " C. a meittni* point
or 5.5° C, a vapor pressure ot /5 mm Hg at 20° C and a

specific gravity ot 0.87865 at the same temperature. Ben-
zene hat a flash point ot - 1 1 . 1 ° C {closed cup, 12* F), mak-
ing it a dangerous (ire hazard. It was formerly derived al-
most exclusively by distillation ot coal far, but now comes
primarily tram petroleum, either by extruction or bv de^ik-
ylation of toluene. Benzene (5 slightly soluble in water, but
<olut>le in all proportions in alcohol, dceione and ether.

At one time benzene was an important solvent, espe-
cially for rubber, as a difuent in lacquers, and in paint rem-
overs. At present such uses are minimal; most benzene is
consumed m the chemical industry, as a raw material for
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4. Xver. H.E.. Fitioatrick. M.S.. Scheel, L.D.: *Vor ••-•' ̂ n-ev or
rne Di.iocvdndte aunn% SCMV ADDi 'Cdf 'On o' Pl'*ufc-
fOJm. OiV Ol OcCliD Health |MG$hl C .nenr.JI i . OH

5. Konzen. R.B., Craft. 8.F. . Schecl, t.O., . C.H.:

Bruckner. H.C., A*erv, S.8., Slehon. O.M., Oodjon, V.N., Ro-
tivne. ).).: Arcn tnv ne-inn ' ( jb l9( i%(Jl

METHYLENE CHLORIDE
Dichloromethane
CH.CI,
TIV, 100 ppm ( 5= 360
STEL. 500 ppm < ^ JTOO

a jo/or/ess wj/jjne '<auia $C"uo/e
'o o"fv r* tov ive-enr . buf comnietetv miion'e

iv i m mow ofgdn/c <o/ve" ' < ,'f njs J ivveefsft oaor /ii.«?
.•no--' cntonnjtea hvarocj'Cons. The moiecu'dr '.ve'ijm ,$
3J 9J ,3 specific zrjviiv <s ' 5J5 . ooiltnq pc>n( <s -X~iJ C dnfl •!
yoiifJU'es <ii - °5 ° C ' .Vt fh :s * < t >n i^ncr .c'e^ure ,' J r J
Hi* df room temcerjlure J*J 53 C/
o/ uccr jce retail* JtVKtfxerj .v
r'ae <s _-O'f'fO or bocejo 01^: o\.er
^DJ<:e .'Mjf fS "Of c/o^eiv c .-"r i r t >a /f is ron-tijmm,ioie

fesis nuf ' - v ;/ ; 0^"- ' .t ^^fcp'^e cJ^c .-f . -on i

ror
,:e«ft'asmii
x ^nu as a

nrnr;e"jn(
v. ing

o r -
I rp
n\

Our (-"

< : oor s r"
ions or ' i

L r Q u n j rri^i-'.ipne -. ̂ inr ce •- > Dd i n f u t dnn .rr r .Kj
nias^ea in f-e »?vus nr .t connnpo on I^P ̂ «.m r;v ̂ '
lothir-fj or Ddmi remo'.tif r^'muunons A Durn cjn '^S
is not prono'tv rernoveo TOm try evt'S .'na s^.rt

-Ji 'or rais is i^out 2000 nig K^
to Lenmjnn j.-.y F'urv ;

curs it -AJO to i IuO oom - -ev-'r
• , jMI (.f ncentrat-' in 'Of St'ven nours
- jnv j j t n o r n i tY j, niir-ui " - ')UO ocm •
.Mv s •$ Houri j Jd« i j! ; 'V) Dpm

.\*?re ^oi •.^urni at SO O d v S '-
e i>ru fJd i , s dl "JCO ucrn tor 'Our wee**
kic inev arid l iver c^an^es Hpooei 3^0

rhai aai lv seven-hour exposures A\ 5i>X) oom tor •- <
naa no aiscccn io le e i ' e c t on aoiis ana r jon i ts onu

rpauction -n tne rate ot growth ot ^umea Dig s M
'0000 com. lour hours a da\i tor seven and one-nj i t VVPMUS

guinea Dig s , bui r-oi monkevs. rabbits or rats de-
li^er mmrv s- ioskowtiz and Shaoifo 1 ' 1 rpoortea

tour cdbes 01 poisoning w i rn one ra tau tv aoparent iv due io
narcotic act ion Collier"1' reoorted two cases ot poisoning
in oamiers who surt«?'et] trom headache, giddiness, stupor.
im tab i t t tv . numbness and tang l ing in the nmOs. Ku^eiova
and \lasak' : t noiea compla ints ot headache, tangue and
irr i tat ion ot the eves and respi'^torv passages Dv workers
exposea at concentrations up to 5000 Dpm. Neurasthenic
disorders were tound m 50%. ahd digestive disturoanfes in
30% ot the Dersom exposea. Three acute poisonings, one
involving loss ot consciousness, were recorded wuhout
secious a;ter-eifects.

VVe»sS'8 1 stated t ^a t a chemist a r t e r a vear i excosure <IP-
•*e'oocd toxic enceonaiosis wnh acousncai d^a ooncai a?-
'unions and nj i lucmations Concentranon 1- ' 'eaLe^r i ' , • • < -
ceeded 500 opm. vj iues ot »i«0 ppm 600 PD^ JHU rear tre
' (oor, 3600 opm we'e noted

Colubovski and tumchamova'1" tound ! ' - er disease ,r.
workers exoosed 10 metnviene chloride j^a -riethanoi
•vhicn thev u t t nDu i eO to tne former exposure concentra-
tions were not reported.

in the eanv i940's metnviene cmonue ^ds consiot irod
the least toxic 01 tie cn ionnateo nvcjroca-^on <o\\f^\=>

a sate industrial air limit ot 500 com u,ds Dfoopped :;•-
ef d'.'" and iater adopted DV me ri_'. Commit tee as

protecttve enough to prevent anv iigninca 1*" "Jrccm. • : ' •
or l iver miurv CD

. 5^'vart et j'"n> rpcortea ' "a t
ot caroon monoxide ana carc^x.r

we-e procuced m rumans receding smg-e e
:00-!Q(X) oorn 01 me?n\, i ene cmonce Tr>e Cir
•jloom concentrat ions 'eoorted cv i:e'A.ir: j.-;
' -nse Lon^ i t ierea cr/ec ' '0nao i e : r ̂ ^e fo i r ^a sa
OCn

More

cMw

01

ator s
• ' ic , jt

o-
:m

and E'iun
- ' " ) ;:nm r

t < d r " i "d t iOn :-t CO GfO
-vas ^ a t e r rpoOftea Ov ire
o.unteers oxco>eo (o ^e'

: -AO nours 'ICOd rjcm-^
'or an 6-hour tfxco^ure
e"iotjiooin !eve-s .n ex
"am exposure 'o CO A

o: :^e codv s canacav to rp
10 CO ̂vas conf irmed ov Kla i ^ev . /-.ee^jn

a srra, i ^ 'Oup or w oncers exooiea re i60 to
-ene c"i'onoe SLJC^ aauv 'eceaiea t.-^n'.:-

or
ore

fi nr -\.
-'t in i j l x sQf k
xvrprro^ ioR.

•"> _CO nom ut ™.i-r
« .1^ ;~dt ;;e» .pioce'
01 50 ppm
i\ i n cen £o ' " 'CL.no tiiit ruman-, cxoO'-eQ 'O ILKJ DOm

cniouoe 'or a nours nad a carooxvnemne iontn
• 'COHhi va iue ot 1 ^.2^ ± 0 2J"o. whereas an ii-nour e*oo-
*ure ,n ISO ppm produced 5 J9% - OOb^o i e\e i and an y-
nour L-tposure at JOG ^om resulted m COHD ie-.fi of i>d : j
r Oh5V

in an ex t e n s i v e stuuv several heaithv adu' is or both < ex-
es were exposed trom J - ' O times to metnviene cnionce
vapor concen t ra t ion s 01 0 50. 100. 250 or 500 oom tor oe-
nods ot I. 3 and "5 hours m A control led environment
chamber. These stud ies were designed to simulate the r,vpe
01 exposures encountered m the industrial sett ing and con-
soled ot both steaav. non-t luctuaung vaoor concentra-
tions Exposure resulted m a prompt eievauon ot carboxv-
hemogiobm. The elevation persisted longer than CQHb
from CO alone since metabolism 01 the ibsomed meihv-
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,-.«.,, . _ -— . » - . WOMTVJ . H l S sOI-
COHb is aoparennv added to tne oodv rjur--jen o. coroon monoxioe uer.vea from other souses

Th, s r av corroborated prev.ous s.ng.e PXpOsuro s ,ud--HS ,n ma, ro oe.etenou, effects upon the neaitn or penor-
^ance - r.ea.ihv adults could be detected wnen thev
-ve.e n neateoiv exposed to ^50 PDm or iess «or 7 5 hours
por aa\ - ,e aavs per week tor 2 weeks, or ,„ lh(? ca«c Of.un .cc i s . to ,OQ opm on lwo rOnsecu,ve aavs •-'ne oa.amHte-s c t u ( j i c o ;vefe CQmDie i c ^^^

nua . Chem.s . rv |SM^ 1 2 ) , E K C iefum ,n,. ivrer.
a- n. , , uo0 ,cKure ^uo.ec i .ve s. itns and svmotom, U r , n a -
.v^ .C-mn. snx , ur.narv urod,(,no«n. neu.o.o e icdl tP s t s
EEC. ,,^al (1,OKed rosoonsP puimonarv runchon and cod-

ie es i imat ion . cooramairon.
Th«. grease m COH() was r^e<3 to (he a

the vao. . . r ...oosure Bom uuranon o. exoosure ano vapor
conren . ra t .on ,ve,e rac ror s Sexen ant] one-nan rour
su^ in ronrpn irat .ons as knv as !00 DDm ,nr 5
•?d -n COHh elevai ions dbcu! 5 oercent lrt n
^P ooor .vas not ot) ,ec i :onaDie at J>0 oam ana
• ec i i cou o not . 'D t s c t n at 50 or UX) npm

^nro -re tox . c e r t e c - s or metn^m? cnionoe
cart 'o ^ conve-Mon to carnon m(Jno«.ae -ev xiea n, the Df?«enre o, raroon

suo-

«Ue ,n

netfi 'mm.n, .x^-Pr , r n ( ) 1

yo rj, , . ,,t pf;m ^

. .xnow-e -, ^roon monox.oe 'i,
non ,s Dasea uoon exoenmenia i aa (a ootamea
smoMnu -a.es ar reM. dna shou^a keep COHb levels *eilbe.ow , nt-ce- A SUL .r 50,1 npm 1S .fl( omrppn

trom non
eil

dre Meet, '„ occur

anrj Pom ,X > J
opm

9 and
pom- vweaen (1974;, 1QO Dpm: Olhers :CO or :50 pDm
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TOLUENE

•( is

Til. . 100 pprn ( ^ 375
STEl, 150 ppm ( s= 560 mg/m*>

a co.'<5r/ess liquid with 3 (vpicai aromatic nv-
ooor. its fnoiecu'ar iveign; and specific gravity

are 92 13 at*a 0666, respective'^ The boiling point <s
"0 7° c <mc so>'cm<es a! -95° C. Ar _'5° C me vapor
su'e 'S 28 '"r"" ̂ ^e dosed CUD /tesft po'm /$ J0° f
<nsoiubte m ttjrer. out rmsao'e v\ff f i mosr organic

-ormeriv aenved solely from coal tar touene is ^oxv
oc'amea c*ve*:v srom petroleum a.T* is presen: m gasonne
anc Tiaov Detro'eum solvents .1 is used as a solve"1: >n
pa- "MS and c^atmgs. ior ruboer. oi ls, res ins. e t c . . as & 'aw
ma'enai tor -ne manuiacture ot benzene and a host 01
Olner chemicals. 'nctuomg T\T. TDI, an.-S 'ngreo ients or
detergents, e.es and drugs.

Because c1 :rs wiae industrial use ana cnemical bimnan-
tv 'o oenie^e. the l i terature o' maustna i ^oxicologv and
i n c^ s tna l me-dcme, part i cu lar ly the la t t e r . recora numer-
ous invest ig <a: ons o' the toxic enects of toluene
ing to Pa i tv ' *^e concentrat ions 01 toluent1 and
'ea^:reo so cause prostration 01 mice are aoparenMv 3000
ppm and J~CC opm, respectiveiv Death rrom acule poison-
ing 'esui is trc"! 10,000 ppm to iuen j compared -.vitn UQOO
ppm ot benzene Several mciaenis oi workers oeing over-
co'^e bv toiue^e vapor, usuai lv in ^onnned spaces, nave-
Dee'1 reoortea Longiev and co-workers 1- 1 uescnbe sucr an
eve^ ' t aooarc sho 'A-nere Jb men were overcome. Tnere
'.ve'e no ce<KKs or serious d t t e^e i i e c t s . No i rr i ta t ion 01 eves
of ' e sD'ra tor\ passages was ooservea

from the standoo'nt ot cnron ic poisoning, 'Dluene Goes
not cause me severe miurv to the bone marrow character-
istic or beniene DC'Sonmg Ce'arde"1 staled that the rnv
cloioxicitv o* Denzene was completely absent m toluene
and other a ik- . i der ivat ives ot benzene Von Oettmgen et
A^' Tounc '.hat exposure of rats at 2500 to 5000 ppm ot
toluene caused a temporary decrease >n the white-cell
count, but no evidence of injury to blood-rormmg organs
or I ' ve r . Greenpurg and co-workers 1 ' 1 studied a group of
oainiers exposed to toluene -n concentrat ions rang ing
from 100 to 1100 ppm. Their findings included enlargemeni
ot the liver, macrocvtosis, moderate decrease m erythocvie
couni and absolute ivmphocvtosis. but no 'eukopenia.

V*uilsom'" round that among workers exposed at iess
lhan 200 ppm ot toluene there were some complaints o/
headache, lassnude and nausea, but physical findings were
essennallv negative At concentrations between 200 and
500 ppm impa*rment of coordinate i. momentary loss ot
memory and anorexia were also present Between 500 and
1500 ppm palpiiation. extreme weakness, pronounced loss
400

of coordination and impairment ot reaction time were ^o t -
ed The red cell count te i l sn manv 'nstances , a^o :"e *e
were two cases of aniasnc anemia, m which recover. -0 1 -
bwed mtensive ''osoitai treatment, ^ 'aier comment DV
Wilson i' 1 however, sugge^'.s that he did not rule out '.ne
possibi l ity that some or ine above e itects were due '.o a
benzene impurity m the totuene used

According to Fa i r ha l l . '8 1 severe exposure to toluene mav
result in a pronounced drop m the red count and carnal
destruction ol the btooci-torming elements ot the cjne
marrow. However Cerarde 1 * * 1 stated that extens ive an imal
studies clearly indicate thai toluene is not a bone marrow
Poison. While there have oeen occasional reports of ^p:as-
t.c anemia attributed to toluene. 1" m some instances :ne
presence ot benzene was not excluded, and there nave
been no '"epidemics" u mis disease among toluene work-
ers comparable to mose wmcn nave resulted from oef^
2ene , Povvars' 10 * reported fix cases ot ap ia s f i c a^erma crOkl
of then fatal, among giue smtfers. Aitnougn toiuene '•vrf*^
the solvent chietly used, no analys is was givei 01 me ^ue
involved m the fata l case Exposures m these case * A%i~
much greater than would normallv arise irom occupauonfiD
use of toluene. Thus knox and Seisom™ described an '^
stance 01 permanent encephaiopathy involving a man wno
whaled toluene regularly ior ov^ r U vears

Von Oettmgen and co-workers^ 1 found t h a t h^fian
subiects exposed at 200 ppm sut 'ereo s i ^ g n i but a e r - n i t e
changes in muscu iar coord inat ion They conc'uaea !Ha;
such ccncentrationt were unhKeiv to ha>.e an, u:sce"~'bie
untoward etrects i.-n health Cera'oe 1 1* 1 however cehe^d
t ha t von Oetimgen s work aid not l u s t i t v tne ^00 ppm -m-
• t Ogata et aP1*' round that •exper imental human sub iec i s
exposed at 200 opm tor seven hours showed L-roiong,!! on
ot reaction time, decrease ••* puise rale ana .n sv s to i s c
blood pressure The\ consider ^00 ppm too high as ;re
MAC. Takeuchc 1 1 1 exposed rats a; 200 pprr- ana higne r c ; n -
cenirat ions o' toiuene ior j~ \\ee*^ ar.o then ro oen^.?-^^
tor 19 <1avs . On tne oasis 01 d i t 'e 'erces iounc oetwter '^&
tuiuene-exposea anma's ana cortroK. e >j c^ange^ ^
•veighi 01 adrenal glands ^e suggested that tre M-»C
•00 ppm ior toluene snouid be recons<dered

Smvth et ji reported an orai LDw. aami-nsterec ;u - j i s .
10 be 7 53 nL/kg. ' ' "

On the basis ot t . . e above data , a reducfon m the TL;
for toluene irom 200 ppm :o '00 ppm is recommer^aed.
with a STEL of 150 ppm

Other recommendations COOK ( 19 * 15 ) 200 com. Smvtn
( 1956) cr mems that t h i s l imit mav permit ea-' iv S i g n s of
narcosis jkms ( 1959 ) 200 ppm. ^$1 ('%"} 200 ppm LSSR
(1%7) 14 ppm; Czechoslovakia d%9> 50 ppm, West Ger-
many (1974) 200 ppm. Sweden ( 19/5 ) 100 ppm, Easl Ger-
many ( 1973) 50 ppm, MOSH ( 1973 ) 100 ppm
References:
1. Pattv, f.S.: industrial Hygiene & toxicology. 2nd ed.. Voi n 0

1226. imerscience. NY
longley, E.Q., lone, A.T., Lomiev, O.: Arcn £nv Health
( 1967) .
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-m-
oea aner exposure ceased Th,s JQI-

i COHb .» joparennv adaea to tne DOCK sur-
:*>n c' c3'Don morMxtae demea from otntr sources

* » » > * 'uf lv corroDOMieo C'Svious single exposure stud-
,-••. m r ^ a t no aeieteri i/us effects upon rhe neadh or pertor-
•-c jnce " neaimv aaulrs could ne detected w-nen rnev
v.r- re 'eoea i t .a lv exposed to 250 Dpm or less 'or 7 5 hours
;*•' aav ' ve aavs per weeK tor 2 weeks, or m tne case or
•"• Tta-e suDiects lo 50Q ppm on two consecut ive davs '"
•.-rom :»c parameters siudiea '.ve re complete blood
• : ^ n i c. ' i icai cnemisuv iSMA '2 ) . £kG. serum tr i ^ i v c e r-
7~« D'ooo pressure. suthec'. ive s . ens ana svmptoms . unna-
v-» s iCo^oishx i urmjrv uroDii inoeen. neurological t e s t s .
; :C. v i s u a l evoked response, pulmenarv function and cog-
" d ' - v e . .redness, time est imat ion, coordination, ar ithmet ic
<j!"c insoe i i ion (es t s

"r-.e ^crease m COHb was related (c the magnitude or.
'"*• vaoo ' exoosu'e Both durat ion or exposure and vapor
• :c *cmna! 'on wero ra c t o r s . Seven and one-na i r hour e«oo-
,,-es :0 CCn c e n r r a t iOn s ds iovv as '00 Dpm lo' 5 davs r e su l t -

•?•? "• CO^c P' evauOns aDOUt 5 percent in nonsmokeiS
'••<- zaor ^ as not ob i e c i 'Onan i e a; J iJOooman a rraiv S U D -
^•-•-. :ot,.a --0! aetect <i at 50 or ^00 ppm

: ice ff-* » 'oxic enec:s or me tn\ ' e n e cmonoe are aue -n
s,*," 'T "s convers/on :Q cjroon monoxide mev vvouia cre-
M,-~dOu ce dugmemea ov trie presence or caroon monox-
ce ^ tne a i- Pooer ei a?"^ founa me ejects or CO ana
"-e COHD fom methviene chloride ro oe aad i tae -n 1-
•-ou- exoos^re 'es i s wnn --ats There'ore, ,\r-enever there is

^oinea exposure 'o :^e vapors 01 -neinviene cr.tonae
aroon monoxiae :ne aopropriate eauation 'or m i x -
sfiou ;d se jsed •- determin ing - .vne^ r r e r or not ;ne
-re ps acceptaoie
- me-.\eigh!ec3 average TL\ o* '00 oom -s 'ecom-
ea 'Of "^eihviene c^ionae m ;r-e absence 0' occuoa-
evoosure 10 caroon monoxice. T^JS recommenaa-

don is Dasea upon experimental data obtained from non-
e maies at rest, and should keep COHb levels well
5 oercent -\ STEL c! 500 oorr < recommenaed s i nce

itne^ jnaesiraDie CNb> responses nor
* are i i e i v ro occur -.v. :n sucn exposures to

ene c-ior'de ' ' • • " :° ! Concurrent exposure :o omer
01 caroon monoxide or o^vs-cai act iv i iv will reduce
-eni .;-' tnt? overall e*oosure and aaiustment -or me
nea e' ;ect

Otr-er recommendations MOSH (19*6) "5 Dpm Uest
German^ i i9"9i and Elkms0959) 200 pom. -\SSI (1%9i 500

LSSR (1970) 15 ppm: East Germany ( 1973 ) , Romania
i , >ugos iav ia 0971) and Ci3crtosiovaMa |1976) 140
Sweden 1 19^4) 100 ppm; others 200 or 250 ppm

te 01 tnaustrut
Baittmore. MD

a :^

t:!a;a
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XYLENE
0", m-, p-/somers
TLV, 100 ppm ( SB 435
STEl, 150 ppm ( ^ 655

Xylene is d c/ear,
on ocfo
xytene

I
I
I
I
I
I
I
I
I
I
I

« r«, -.s usea exien s,velv as a solven, ,n Dam[, ,nri ,CMimgs, esoeeiai iv the a ikv i res.n

anhvanae. D«.-

:tv o. the ,v,enes was f .gher.
and

-he blood

X
apparent epliepti i 'orm secure following relatively brier ex-posure to xyiene vapor.

Gerarde." 1 however, considered that industr ia l exper i-
ence confirmed the animal exper imentat ion evidence that
<cylene '5 not a myeiotoxicant. Gofdwater'81 was 01 the opi-
non that xylene was probably less toxic than toluene to the
bone marrow, in most of the cases of bfood disease associ-
ated with xylene. the presence of benzene as an smpuniv.was not ruled out.

Nelson and associates^ found 200 opm of xylene def i -
nitely imtatmg to the eyes, nose and throat of exper imen-
tal human subjects . Greenburg and Moskowitz 1 '01 suggest-
ed a maximum allowable concentrat ion ol 200 ppm
Cook,'" 1 Smvth,"'! EUcmst " ) and Gerarae 1-' iti com^erea
this value too high, and Gerarde suggested tfbb ppm as jmore acceptable limit. £)

The NIOSH cr i ter ia document on xviene.^nuol ished T
1975, " * ' refers to a report by Money et J/ * 1 " m whicn rena
impairment and some evidence of disturbance 0' l iver
function were noted in three workers who witSoverccmt
by a gross overexposure to xvlene (est imated concents
t ion. 10.000 ppm): one worker died, the others sut 'erec
from amnesia and did recover slowly however A paper b\
Matthaus describes corneal changes m fu rn i t u r e po'^hef
exposed to xvlene in unknown concentrat ions ' ' * '

In a s iur jv ot var ious hydrocarbon solvents . Caroenier t>
j/i 1 ' ! founa the 4-hour iCyy 'or ra t s to oe 6700 ppm Tht
flo-ill-errect concentrat ion ror rats and dogs, fol lowing o:
davs (6 hOurs/dav , 5 davs-'week) was 800 ppm Sensory re
sponse exoer iments wuh human sub) ;ts indicated a hvgiemc standard of around JOO opm.

The TLV of 100 ppm. f i r s t adopted >n 1%7. is retamet
with a STEL Of 150 opm it i s believed that irnta. i i enect
wi l l be minimal , and that no s ign if icant degree of rarcos i
or chrome miunes wi l l result :rom cont inued occ^pat ionaexposure at tha t le^e i

MOSH" '4 1 also recommended a -vorxpiace env ironrre n

• j l standard o' 100 pprn. js a '\\A, .vun a '.en minute ctjn,ng o' JOO Pom
Other recommendations; * .SSI H970I 100 ppm, \\es

Germany ( 197J ) :00 ppm; Sweden ( 1975 ) 100 Dpm
Chechoslovakia 0%9) and Eas t Germany ( 1 9 7 3 ) 45 ppmUSSR ( 1972 ) 1 1 ppm.

References:
1. Gerirde. H.W.: Toxicology A Biochemistry ot Aromatic H\

(jrocarOQm, PQ. 17 1 - 180 . EUevier, Amsterdam tl%0).
1 Fiirtull, I.T.: tnduwul Toxicology, 2nd ed.. p. 353, Wilharris *Wilkmv Baltimore. MO (19^7).

Patty. M.J InduHrul Hvgiene & toxicology, 2nded . . vol M. e1234, interiiJiene. NY (1%J).
fab«. It, Truhiut, 8.: Congress^ interwonate ao wetitctndel lAvoro. Napoli ( 1954| . Cited by Gourde m r«f l
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TRICHLOROACETIC ACID
rCA
CCXXJOH
TLV, 1 ppm ( =3 5

*s d
e A t'jrmi oef. Out1 < Ctri' < ; ' v <M/S u"n J m&
nt or .'oj.^0 jm; j 'iodine tfrjvifv or / bJM

it"fs Jf ; " 5 'C
. "CA *i s o l u l j i e <n \\atec. j/-

jna c-fner
H i* used in mooione, [jn< .-rmd(.v. as a n-ageni ior atf iu-

Min detect ion <ino in m<uint; nt-rotaac's
Tner. iorodcei 'C acid v.ds '"M placed on ire Sot ice of

nientH'd Change 'n I'^rft ,il ' mq/m» Thi s Wue n,id toon
for Ur9 .inn tr , ]p ' . . fyrreo 'o 'He diiopioo list m ll<&)

value uas m tMror. The fiA 075 ppm ( ^ 5 mq .m ' t ,
aopear-?o on naae J"f'> 01 t'~.: l l>/fi Supplementa l

Documentation v \vds Tf i.atuc miiiailv giv*^ fCA, and
.\di m have Ktjcn rounned on to ! ppm, av .maiouv \\ n n
^ .C' l jK . n i o roo fOOioon : a c - r i ( T ( \ 1 ppmi The numeroi cne
A.IS then i nao^nr t en t i v r«acpd 'n me rng.-nv column .n-

>lu.td 01 ihe pprn column ,tnu ;hm orror \v«s not discov-
ered uni ' l " f)\v Thtj co r r e c t arjopifitl TtA -s I ppm i ^ 5
m« rrvi and f > i t s Lurn?ct ion \\n l bo madtf -n me
pri^i-nc in ''if? I'tfJt) TLV RfUJklut. Tho io«!owinu ou
lal iun r iMluc t s tins va iu i? .

The oral LD'.i has oeen n?porto <J as J J »i wij tor ra i s . ' 1- ' 1
lor mice, "> ')•< li'ki;.1 " ijv .nrrjpyrtioni'di adminisirjuon. SCO
me-k ^ w a s Mta t t o mict: • •

TCA is (crros ivt 1 10 no skm and eve, but not rearj i lv
absoroea ihrouiih iho SKIH S'.edicai rppof's oi acute ?xpo-
sure e i i e c t s showed mild 10 moderate skm and eve purns

A iimp-weiuhteo 1 TLV ot t ppm 15 suasested . baseo
largely on analo^v 'o 2,2-dichloropropionic acid, and tne
above meager i lata .

Othor recommendations USSR ( 19~61 0 T5 ppm

References:
t. \\erctt inaex. 'Jlh ea.. p 1JJ6 . Merck & Co.. Inc.. Rariwav. N|

2. Dow Chemical Compdnv: Commur'caiion 10
(I 1)")
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1^ ,4-TRICHLOROBENZENE
QH.G,
CEILING LIMIT, 5 ppm < ^ 40 ing/m')

•A co/or/c^s,
naor ^imtt.ir .'o

f room
o-ciicniorroement1

\\nn
'

h,js d ir>oiecui,ir Jo jno j
.f /f

sof t t - ' n r s . (Jtv(

in

,jn<; 'Jjs .1
,mti sa/uO/e TI most
rer

It is used as 3 dielectric iluid. heat trans i er
lubncan i s insccl itnjo 1 * and organic synthes is

A siuov of ihc acu te and suoacuse mhaiation loxtcnv or
•ncnlorot ien/L'ne i(^"!i the 1 ,J ,4- * s ome r j nv froofVi i nd i -
cated (hat the target or«ans 'com non-lethal evoosures ot
rats. do«s. rats, rabbits and guinea pi^s included the hver.
MUnev. (jantmon coils at all brain levels, and mucous mem-
branes. Local irr i tat ion ot the lun^s and tunct ionai changes
m respiration, e.g., dvspnea. were noted m animais later

irom inhalation t-xoosure .
Grown <?( d/f ; ' reoorted I J,4-tnrh lorobcnzene to have a

dose acute oral LOw ot 756 ms;/k« lor rats and T66
mt»'k« tor mice. The acute percutaneous lD<o 'or rats was
*')U9 me/kij, SuDleihal doses administered reoeatedlv to
guinea pigs caused l iver damage, -\cute and short term (IS
t o exposures. 70-200 ppm) inhalation studies tailed to kill
animais. ana produced lothart?v J"d retarded weight yam
with no organ patholoKv '" Cameron f?f a/ 1 * 1 reported that
:he trichlorooenzenes are less toxic to 'ats than the mono-
and dictilorotien^cnes

The aforementioned studies are short tsrm ones and in-
lormation needed to recommend an airborne concentra-

to wmrn workers may bo repoatedlv exposed dunne a
iptimp without adverse eitects is limned. Cjta

neous exposure to 1 .2 .J- tnch l o roben2ene does not causo
chloracno or acnetorrn dermat i t i s but can cause dermal ir-
ritation wmch is orobably attributable lo i'S degreasing ac-
tion *> ' Industr ia l data report an odor threshold ot approxi-
mately j ppm and minimal i-ve and tnroai i r r i t a t i o n at 3-3
ppm m certa in people."» Twenty male rats. 4 raboiis and 2
male < IORS were fxposeo at e i ther 10 or 100 ppm ' . 2 .4 - i n -
chlorooeiuenp i l)y.4% puf-iv, 1 4% 1,JJ-inchtoronen^onei
7 hours/dav, 5 davs/week for 10 exposures m 44 davs No
adverse e t t e c t s were detectable at 30 pom wuh the extep-
non of an piwation 01 urmarv uioporpnyrm and coorooor-
pn\,nn m ihe MIS onlv at 15 jnrj .JO exposure davs . So oa-
iholonic (e s tons could be attnouled to the exposure m
ro:iRhlv 10 d i i torent specimens examined ror each spe-
cies * ' • ; \ second mhalahon stu iJv was penormed with
090r% pure ' 2,4-tnchloroDenzene " hours/dav, 5 davs.'
week tor 2b consecut ive weeks.'? l Thirty MIS, 16 ranbus.
and 9 monkevs. all males, were exposed at zero. 25, 50 and
100 pprn. Pulmonary tunction and operant benavior m
monkevs, opthamoscopic examination in raobits and mon-
kevs and bonv wei&(h i ;neasurements hematologv Ond se-
rum biochemical detvinnadons in all species were con-
ducted prior to and dur ing the exposure period: no d i f f e r -
ences were noted among the 'our exposure groups.
Microscopic changes were seen in the parenchvmal ceils
ot l ivers and kidneys from j!l groups of rats a f t e r 4 and U
weeks of exposure to l,«.4- rCB. but no exoosure-reiated
abnormalities were seen a i ter 26 weeks 01 exposure in anv
01 the three species understudy.

The above data do not moicate a high svstemic toxicitv
The recommended cei l ing limit oi 5 opm based on the
irritat ing properties ol TCB. seems low m comparison with

JOS
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ror 'h(? rjichinroocn^onos for the present, (his

limit
o' rncommenrjations ror rrichlorobon^enn Bu'aana.
t S "j R . "tu^osidvia I -1 pom.

References:
1. T'oon, |.; HIP K*»iu>rinQ L.ltjO'.)tor\.

OH
1 Brown. V.K.H.. Muir. G. Tharpe. J.; -\nn (JtC(;o H*g. 'J :

3, GJHI-, |,C: lint I Intl Vttfrt «.',-1 |!0"0)
A. Omeron, G.R., Thomai. I.C, Ajhmore, A.S., Buchjn, I.L.,

ren, £,H. HuHhe*. A.W.N.: / Pjih f l jcr .Voi Jd l iOD
3. Power*. M.B.i Co-ile. W.O., town, T.R, ;
6. ftowo, V.K.; Private commumcjiion i IT?)
7. Co*ie. W.B., Sclioeniisch, W.H.. Buiev. W.M., Lewis, T.R.;

Chronic inhaljfion t<nowre <ji Kjts. tidtjtiitt inn M<>rtM>n ;o
J, J, J-

I
I
I
I
I
I
I
I
I
I
I
I
I

1,1,1-TRICHLOROETHANE
See, METHYl CHLOROFORM

C

1,1,2-TRICHLOROETHANE
Vinvl trichloride
CH.CICHCI.
Sfin

TLV, 10 ppm ( K 45 mg/m1)
STEL, :0ppm< * 90nig/-n»)

A cotQftPts, non-tfammjnit? HQUHJ w/r/j ,i ^vct'f ooor.
l.l.J-tncftloroetftjne ftas d moiacuijr \\ptghi o' UJ.
d >occinc gravitv ot ) 4J16 jr JO*C // rw/s ,)f MJ./

d! • ,;o JJ OnO'us j vapor ores soft? or /9mm Hgdf
C Imotubte m wj/er '/ /s miscibie \\itri akohoi. ether

f organic solvents
ft is used as d solvent ror Mts, rosms, CMC,, anu m organic

synthesis
1,1,J-:ncnlofoeihane depresses the control neivous svs-

'f>m causing narcosis, in which rosooci it is considerably
more nutent than chloroform/' •» By inhalation ii s acute
toxiotv .s somcwnal greater ror certain laboratorv animals
(cats) than trui 01 (.hloroiorm Vvcotic concentrations ot
1 1.2'tric^'OfOfithane result in irritat ion to the eves and
nose am; - i i ec t ion ot tne con junct iva Ceath oct'urs from
resoiratorv arrest. Concentrations producing deep narcosis
ana death are 01 tne oraor oi U.bOO ppm tor a two-hour
exposure The corresponamg concentration tor chloroform
i*, JO.OGO to -iO.OOO opm. 1,1,2-tnchioroethane is ((.-thai bv
oral ana subcutaneous administration; O.T5 «/kq was lethal
io ao^s DV mouth, compared with 2.25 g/kfj for ctiloro-

TRICHLOROETHYLENE
CCI,«CHC!
HV, 50 ppm ( ss 270
STEl. HO ppm ( to 60S

j nontlammjblf*. colorless Htjuiff ot
sweetisn oaor It ftdi j molecular wen>tn ot 1J1 J and d
specific gfjvitv ot ;.J/>49 T/7(? boilmq point m fl.1"* C jrtc/
solidit'ws ar -5J d" C r/ie vjpcj/- pressure jf JO* if e«7uJ/.v 55
mm Hff It is orjcticjtlv insoluble m water, but highly so/u-
4(16

form,'" Fattv degei oration or the liver ujs observed m
dogs dvmg two or more oavs rollowtni? aammistratioVoi
tnchloroGthanc, which is also aosorned Ihrough the

More recent data mrlucje the tofiowm^''' oral LD-jvyt
- 11-10 mg/kq, inirapL-ntonual LD^i, mouse - ^-J, aog - JiO
m^/kH; suocutjneous LDw, mouse - 22T mg. kg. f.,vpo$w?e
at 500 ppm for Ji hours was fatal to rats. O

The current RV 01 10 rjpm was based on the toxico'ogi-
cal rijsemolanu! to svmmeuic teiracnloroetnane. and bv
analotiv with the fl\ tor rhloroiorm, which at mat time
was 50 ppm In view of thy above comparisons ol the 'ox-
ICMV of 1,1,2-lnchiocoi'tnane with that or cnloroiorm, a Inn-
it somownat low«?r than 10 oprn, the TLV for the Utter C.J.TI-
pound. might Do in order ror 1,1 ,2-tncnloroethane For the
preu >nt . the TLV 01 10 ppm and STCL ot ^0 ppm ,ire
ret.nned.

Other rocommendations. Several western European na-
tions and Japan had adootoa .he 10 pprn TIA. as or i^"r.
Poland, with J2 ppm, was Ihe omv exception West Cor-
many ( 19/9 ) considers it a potont ia i

References:
1. ta«rew. N.W.: -\rch ftoti /*dfft. Ph>itm,ikoi. M; 19 ( 1929 )
2. Von Oettinticn. VV.f.; The Haloeenjieo wvtjrocaroont Their

TOMCHV & i*O(c>rtli<il Odn«i?fS. USPHS Put) No J'J DO 155-351 ) ,
US Cuv. Pr int ing (Jrnco, VVdihinuion. OC (1<J55l.

3. Bjrtoum, GJ., $J4d, K.: Q / fttdrm Ji Phtrmacoi. "205 (1W)
4. BufRi, E.: Bruxelfa* MM 76 I-W1 (7936)
5. NlOSH: Kegisiry oi the foxn: effects or Chemical Substjncei

fj/e *n /ly/c/s. (Partition continent at J,-° C blood-Air 9. oil-
<nr 9<iJ). In the presence or oxvqen and short ultraviolet
wavelength, tnchloroeihvivne is decomposou to onosgene
and hydrochloric acid.

frtchloroethvlene is used ror (tegreasinfi, ^rv meaning,
and <is A solvent. In the past. tnchloroethvU;ne was used as
an cxtractani m food-processmi^ (FOA had approves resi-
due nelow 25 ppm m decarremaiod ground cotrce and 10
ppm for instan; conoe). This was discontinued -n 1975,
when NCI issued an alert, warmny that tnchloroethvlone
m,\y be a carcinogen its use as an anesthetic was
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NAPHTHA
See. RUBBER SOLVENT

NAPHTHALENE

TLV, 10 ppm ( SK 50 nig/m 1 }
STEl . 15 ppm < ^ 75 mg/nV)

e occurs commoniv JS wh/'e, c/vsid//mr>
\\nich have d strong cod' fjr odor /( hjs j mo'ecu/ar

we-ent or L'tffi anrj d specific gravity fit I Mi // me/ts jf
80.2* C. bottsjt J7 "% 0 Cj n t f h , j $ ^ vdpor pressure dt JSa C
oi dnprr?xjmdf<,''v 00#' mm Hi?, /Vie oppn CUD "ds/i pomr /<;
J/6* f jncj closed cup is W f /nso/ub/e m wjjer, << c//s-
so 'ves m mosf organic so/v<?ms

Crystall ine naphthalene nnds household use as a monih
reoei leni . s c i en t i f i c use m sc int i l lat ion counters It is an
imoortant raw mater ia l ior the manutacture 01 phihahc
annvdnde. naphthol , h v ( ] ronRonaiecJ naphthalenes and
haicgenaied naphthalene * ; M or its der ivat ives are em-
otovpd in dves, explos ives , lubr i cants , lannmij agents and
emulsion oreaKers .

According to f lurv Jfid Zern i k i ' ) and Pat tv . 1 - ' 1 the inha la-
tion 01 naphthalene vapor may cause headache, loss ot ap-
pet i ie a no nausea. Optical neur i t i s and in jur ies to the cor-
nea and. in addit ion, kidney damage have also been
reported. Chei t i and Manani i" reported opacit ies ot the
lens in 8 at 21 workers who had been exposed to naphtha l-
ene tor about fivt vears . Ingesuon or naphthalene m rela-
tive", lari^e amounts has reportedly caused severe hemo-
Ivt ic anemia and hemoqlohmuna.'41 -\ hvpersuscepdbi l i ty.
prooaoly genencai lv based, is recognized.!* 1

The oral LD-^ tor ra t s is 1?60 mg/k( [ . "" It \vas used as ,m
anthe lmmtic tor many vears at dose levels, tor adults, 01 0 1
lo 0 5 gram three l imes a day.'7 ' several t imes higher than
the iowest reported lethal dose tor man ot 50 nig/kg."" <\n
incident in which blankets contain ing naphthalene caused
acute hemolvuc ettects in miants, m some cases fata l , has
been described.'81

Patty suggested 2$ ppm as a tentat ive limn (or naphthal-
ene vapor m air . He noted that this corresponds to a satura-
tion pressure ot approximately 25% at 25° C. This value has
been used at the Los Alamos Laboratories, according to

Hvait and Miihgan |1J1 Robbms/'0 ' however. repQrled 'hat
concentrat ions m excess ot about 15 ppm result!^ not ice-
able i rr i tat ion ot the eves Q

Cerarde" 1 1 also suggested ^5 opm as a t en ta t i v e l imi t ,
noung mat it represents 25% ot ;he concentration ot na-
phthalene vapor in air saturated at 25* C. O

In view of the tact that i r r i t a t i on is expeneiOd at 15
ppm and that continued exposure may result rn ta i r l v ser i -
ous eve effec t s , a limn lower than 25 ppm would seem m
order. The value oi 10 ppm TLV and 15 ppm STEL are r?c-
cmmended to prevent ocular sheets, but possibly not
blood changes m hypersusccptibies.

Other recommendations: West Cermanv, 10 ppm EJ
Germany and USSR. 4 ppm

References:
1. Flurv, f., Zemtk, F.; Schjc//icr><? Cdse, p 290. 1. Spr inger . Berlm( 193 1 ) .
2. Patty, f.A.: industrial Hvgtone & Toxicology, Vol . II, p "0,Intefsciorice. sv ( 1949)
3. Cheiti, G., Marian', L: Mcd. d. Uvor '7.533 ( 1 956 1 .
4. Zuetzer, W.W., Apt. L.; /. .A VI.A MM8i ( 1949) .
5. Stokin^er, H.E., Mountain, |.T.: Arcfl. Cnv Health 6:495 (1
6. NIOSH; tfegmrv ot Tome Etfcas ot C/icm-cJ/

( 19~?)
7. Am. Ind. Hyg. Assoc,: Hygienic Cu'de

8. Valoej, r., Oo*udt*, S-A,, Fassas, P.j /. Ped. 6J:90-t ( i%3). Cit-ed m ret ?
9. Hyatt, E.C.. Milligan, M.f.; Am Ind Hvg. Mssoc. C? W 289

( 1 953 1 .
10. Robbins. M.C: Arch, ino Hyg. & Occup. Med. J .QS ( 195 1 ) .
11. Gerarde, H.W.: toxicology & Biochemisttv of Aromtttc Hy.

. p, 2JO. Elsevicr Pub. Co.. NY (1%0).
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rhe TtA CM) 5 mg/m> is bet ievpa iow enough to
mt/e rhe incidence or chio^acne ana orevenr jerious '
to the l iver However, m view of '*e 'act thai rmoatic
eh.tnees m rais resulted from M3 «?'gnt-Mour exoosures at
1 44 mg/mi or a mixture 01 senta- and ht?*acnioruna-
pnihateoes i' ( the margin ot safety or *r«» 0 5 mg'nviimn tor
penfacr 'oronapnthaiene mav oe father smaii At th i s t ime.a STEl o* 1 ng. m' >s suggested
References:
1. von Oettinsen, W.f.: The Hjiogenjiea w\arocjrDoni. Thpif

TOXICHV A Potential Dan^tvi, t"ub»c Health Service pub - ^414p. 3U , 1955 ) .

2- Cotter. I.H.: M vi 4 V527J [ 1944 i
3. ^«'»'«*««n/fheO.WMnsflecro,o,H VI SO , London 1 1939) p.

PENTACHLOROPHENOL

C,HCI,O
Skin

TLV, 03 mg/mi
STEL, l

/r ,s

The most .moonant effect 01 PCP -
oo.son.ng ,enter,ng ,n Ihe

«' « we,l « ,vs,em«: e,,ec,s. Dus.s ae c ,t ,T '"" !°"

•"V"-» PCP ,s h.ghlv poKonou, *,,h a I,0e „«u,e ac,,on bul no pronounced cumUli,
 ge

" faeen demonstrated", lhats r ;
M .n rats

mg/kq . The

48 1 ) 5

OH

C!
CI

o
r-
O
O

lot ion LO« 'or ra t s t * 335 mg/m» ana 'or mice 225 mg/m' ' "
the rat cmbrvo wjs shown to De most susceptible to the
toxic e jects 01 PCP during the eanv pnases or organogen-
esis (J I The wortd l i terature reveals aooL.t 5* cases or PCP
pcisonmg rrom as use as a herbictcte. moiiuscicirje 01
wood Drese-vat ive ol which 30 out or 51 resulted m
death »• The jurvivors 01 PCP intox icat ion sor ter wnn im-
pairments m autonomic function circulation .liual dam*
age ana an acute (vpe or scoioma <•> ' Other a-^Tiaee m<iud-
ecl acute milammation of the conjunctiva and char-
aaeristicallv shaped corneai opacuv. corneal numo-
ness and slight mvoriasis.^ 1 Other svmotoms irf-,oive exces-
s ive sweat ing, tacnvcardia. tacnvpnea, respira:orv d iwfess .hepatic enlargement and metaooiic acidosis

The 0 5 mg m> TLV and the 5T£L of 15 r^g -TV arp ae-
rived bv analogy wun other compounds or s miiar action
and tox i c i tv m aodttion to ihe specinc avanao'e 'ntorma-
tion. They are pehevea low enough to prevent --ascuiar in-iurv

References:
1. Kehoe, «.A,, Deichmann-Gruebler, W,, Ritzmiller. K.V.: j tnd.Hvg. i Tax. JM60U9J9) .
2. Pattv, f.A.: industrial Hygiene A Toxicology. 2r.a ea . Vol. !J, p.1401 !nierscierice. SV (1%3).
3. Oemidenko, N.M.; u/jfena Fruda i Prot Zd6o'evanivd 1319) 58<i%9».
4. Schwelj. flj\.. Gehring, P.|.: To*. Appt. Ph
5. Ationvmous: Cjitf Health W12M1 ( 19701
6. fmaiium, K.;
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Chemical Compjnv: Common. caiirm io fU
1. MOSH: ';<<r 5t,Dsfdnce$ (/st. NEW Puo ^o iMQSHt 1 1977)

PHENOL
QH.OH
5iin
TLV, 5 ppm ( 3= 19
STEi, to ppm ( ^ 38 mg/m j)

Pure onenoi >$ a io/'d d/ rr>orr>
'iea Sv '"rxir-tf \\itn jvout 8*1 ivdfe/" 'n^ moi&cu'dr we
s 9-t 1* an<3 /he ~,oeCi'ic iydi'fv "> .',9-"*? ,'.• v unite '
jrten ndi d nmni^n nue resulting rrnm imnunnes or '*Y

!>nu<-

FO gftf dS d

C
/i'C ' hjs <i .JDOf pre jre or 0 JJ
wj;e' J.TO .T?OS? organic -onents
vin^ d J:OS«?<J C«a '-'din GG-'nf Of '• "?* f
IK cr e' t,^e ". a> d Sta-' l-riK OOint -n fn * >
enoi^'^ •fs ir^- CiS-oneno i - ̂  > doroidcrjm drt< ]
fmti a - ana firuiii r '> t'^Diovt'C Ji o J ̂ .

c us

-?xoos.,re"' "-VP
lon.ig room :or

;'d/rv
r^e tram

/:s df -*i3 C
/; ,s ^.j/uO*e

^Pn; j-
rr j ; , j-

ion .n r
ODrn i .(POt.an • ~,rmjiuen'.{ie td nnrr.) ji

" cnt>"O- '.\

^ar( ro TS low .o>d l i i i tv .
:.*iitttu(e d serious '

• I*,- •" For-^env iis u^e ds an ant identic .^ ^
cases 01 suo-acute or chronic
^--ta i^eir assistants. ' ' 1 Lrmarv

er r, jv. DV canenis na*
'ion or J t-am-i .>i onenoi I'ould result irom e'

a; aooot 50 npm
inc !o Tnomas doa Stick' '' th(> TtX rj 5 Dpir oro-

vides d su" oentU idrge r-ictor or saietv 10 prevent
iC OOtSOnin^ if iRin dDSOfDdOn IS dvOJtJed.

ot J

OH

tn lorft MOSH ruonsned d cntenj (jocumem m whi
the toxicoio^v or pnenoi vvas reviewpy •>• The
jna svs ieT-. 'C enect s o' contact ot (np <«.m ̂ *r
:(s conccniraie J son;uons ̂ ere ncootriv p
I IVP IV i; ; ; :e dadmcnai mrocmdt ion on me o t t e c t s o' .nn«j'd-
f 'On. De*irrni> on the TIV HOwe\,er. tur"PO '->D -\
Feirov'" 1 or notsonmgs dmortg ' .vorKers n ^^
T^e"Cfea ci^ne Attn wdiie Adter conta.n.pe -j J
of onenot cer h ier <s aiscus^^a \ir ̂ dmaips ."a i_
foi '.dDcr (.oncentrai.-ons or ihe oroer -T J 'o I o
:Me autfor rjuhyvpo t^at cr^noi mien; -j.e L-een .
-a .- '-P •"foxu:3t'0ns ,\r- , ( H \\nre "•)' >iescr nea

epf:jiion jr ^J ~-g m - j^
. p i-^n i i^ . , . -np
US- '"^ N-OSr-
'J(J :S nj;*-e' '" J
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iev L S Oeot Qf Commerce,
^(."vcea^ig H%j) (MIS -S3- it 5:01. Sonngneta. ^A C.iej nv
MOSH m ret -)
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Occupational Health Guideline for
Phenol

INTRODUCTION
This guideline-is intended as a source of information for
employees, employers, physicians, industrial hygiemsts,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pert :ent information
and data in summary form.
SUBSTANCE IDENTIFICATION
• Formula; C4H»OH
* Synonyms: Carbolic acid; monohydroxybenzene
« Appearance and odor: Colorless to pink solid or thick
liquid with a characteristic. swpeet, tarry odor.

PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for phenol is 5 parts of
phenol per million parts of air (ppm) averaged over an
eight-hour work shift. This may also be expressed as 19
milligrams of phenol per cubic meter of air (mg/rn1),
NIOSH has recommended that the permissible expo-
sure limit be changed to 20 mg/m1 averaged over a
work shift of up to 10 hours per day. 40 hours per week,
with a ceiling of 60 mg/m j averaged over a 15-mmute
period. The NIOSH Criteria Document for Phenol
should be consulted for more detailed information.

HEALTH HAZARD INFORMATION '
* Routes of exposure
Phenol can affect the body if it is inhaled, comes in
contact with the eyes or skin, or is swallowed. It may
enter the body through the skin.
• Effects of overexposure
/. Short-term Exposure: Phenol has a marked corrosive
effect on any tissue. When it comes in contact with the
eyes, it may cause severe damage and blindness. On
contact with the skin, it does not cause pain but causes a
whitening of the exposed area. If the chemical is not
removed promptly, it may cause a severe burn or

systemic poisoning. Systemic effects may occur from
any route of exposure, especially after skin contact.
2. Long-term Exposure: Repeated or prolonged expo-
sure to phenol may cause chronic phenol poisoning.
The symptoms of chronic poisoning include vomiting,
difficulty in swallowing, diarrhea, lack of appetite,
headache, fainting, dizziness, dark urine, mental distur-
bances, and possibly a skin rash. Liver damage and
discoloration of the skin mav occur. rA3. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to pnTnol.
* Recommended medical surveillance O
The following medicai procedures should be<m>ade
available to each employee who is exposed to phenol at
potentially hazardous levels;
/. Initial Medicai Examination:

—A complete history and physical examination: The
purpose is to detect pre-existing conditions that might
-place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Per-
sons with a history of convulsive disorders or abnor-
malities of the skin, respiratory tract, liver, or kidneys
would be expeciea to be at increased risk from expo-
sure. Examination of the liver, kidneys, and respiratory
tract should be stressed. The skin should be examined
for evidence of chronic disorders.

—Urinalysis: Darkening of the urine has occurred in
persons exposed to phenol after accidental ingestion or
skin contact. A urinalysis should be performed, includ-
ing at a minimum specific gravity, albumin, glucose, and
a microscopic on centrifuged sediment. Urinary phenoi
is useful if good individual background levels are availa-
ble.
—Liver function tests: Since liver damage has been

observed in humans exposed to phenol, a profile of liver
function should be performed by using a medically
acceptable array of biochemical tests.

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation willassist m achieving an effective occupational health program. However, (hey may not be sufficient to achieve compliance
with all requirements of OSHA regulations.

I
U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Heaitn Service Centers tor Disease Control
National institute (or Occupational Safety and Health

September 1978

U.S. DEPARTMENT OF LABOROccupational Safety and Health Administration
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•Summary of toxicology
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CHEMICAL AND PHYSICAL PROPERTIES
• Physical data

1. Molecular weight: 94. 1 1
2. Boiling point (760 mm Hg): 182C(359F)
3. Specific gravity (water « 1): 107 (solid); 1.05(liquid)
4. Vapor density (air = 1 at boiling point of phenol):3.24

2 Phenol

3. Evaluation of' . * dining Properties: Since the odor
threshold of phenol is at or below the permissible
exposure limit, phenol is treated as a material with goodwarning properties.

MONITORING AND MEASUREMENTPROCEDURES
• Eight-Hour Exposure Evaluation
Measurements to determine employee exposure a« best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearlyrepresent that inhaled by the employee).* Ceiling Evaluation
Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected
airborne concentrations of phenol. Each measurement
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should consist of a fifteen ( 1 5 ) minute sample or series of
consecutive samples totalling fifteen ( 1 5 ) minutes in the
employee's breathing zone (air lhal would most nearly
represent that inhaled by the employee). A minimum of
ihree (3) measurements should be taken on one work
shift and the highest of all measurements taken is anestimate of the employee's exposure.• Method
Sampling and analyses may be performed by collection
of phenol in a bubbler containing sodium hydroxide,
followed by treatment with suifuric acid, and gas chro-
matographic analysis. Also, detector tubes certified by
NIOSH under 42 CFR Part 84 or other direct-reading
devices calibrated to measure phenol may be used. An
analytical method for phenol is in the \'IOSH Manual of
Analytical Methods. 2nd Ed.. Vol. 6, 1980. available
from the Government Printing Office. W
D.C. 20402 (GPO No. 017-053-00369-6) .

RESPIRATORS

I

Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the NationalInstitute for Occupational Safety and Health.
* In addition to respirator selection, "a complete respira-
tory protection program should be instituted which •
includes regular training, maintenance, inspection,cleaning, and evaluation.

PERSONAL PROTECTIVE EQUIPMENT
* Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent any possibility of skin contact with
solid or liquid phenol or liquids containing phenol,
• If employees* clothing has had any possibility of
being contaminated with solid or liquid phenol or
liquids containing phenol, employees should change
into uncontaminated clothing before leaving the workpremises,
* Clothing which has had any possibility of being
contaminated with solid or liquid phenol or liquids
containing phenol should be placed in closed containers
for storage until it can be discarded or until provision is

September 1979

made for the removal of phenol from theclothing. If the
clothing is to be laundered or otherwise cleaned to
remove the phenol, the person performing (he oper-
ation should be informed of phenol's hazardous proper-ties.
• Where there is any possibility of exposure of an
employee's body to solid or liquid phenol or liquids
containing phenol, facilities for quick drenching of the
body should be provided within the immediate workarea for emergency use.
* Non-impervious clothing which becomes contami-
nated with phenol should be removed immediately and
not reworn until the phenol is removed from theclothing.
• Employees should be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of solid or liquid phenol oP"liquids
containing phenol contacting the eyes. ^
• Where there is any possibility that employee? eyes
may be exposed to solid or liquid phenol oiHiquids
containing phenol, an eye-wash fountain shggrfd be
provided within the immediate work area foregwjrgen-cy use.

SANITATION
• Skin that becomes contaminated with phenol should
be immediately washed or showered with soap or mild
detergent and water to remove any phenol.
* Any clothing which becomes wet with liquid phenol
or liquids containing phenol should be removed imme-
diately and not reworn until the phenol is removed fromthe clothing.
• Eating and smoking should not be permitted in areas
where solid or liquid phenol or liquids containingphenol are handled, processed, or stored,
• Employees who handle solid or liquid phenol or
liquids containing phenol should wash their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS
The following list includes some common operations in
which exposure tc phenol may occur and control
methods which may be effective in each case:

Operation
Application and cunngo' bonding resin JnP'Vwood manufacture-
^''cation and cunng°' molding resins in

Controls

. sucn as

enclosure;'ocal exhaust
ventilation; personal
Protective equipment
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electrical appliances,
automotive parts,
foundry sand molds,
and utensil handles;
manufacture of friction
materials, bonded
abrasives, coated
abrasives, wood particle
board, and insulation
materials
Use in industrial
•coatings in drum and
can linings, milk and
beer-processing
equipment, water tanks
and air-conditioning
equipment, decorative
laminates, and textile
coatings
L'se in synthesis of
•riermosetting phenolic
'esms, epoxy,
polycarbonate,
pnenoxy, and
poiysulfone; synthesis
c j aprolactam for ube in
nyion 6 fibers, plastics,
and films
L'se in synthesis of
agricultural chemicals
a"d intermediates;
synthesis of
pnarmaceuticals, rubber
and plastic plasticizers,
antioxidants, curing
agents, and
intermediates
Use in synthesis of
stabilizers and
preservatives (or dyes,
perfumes, and
fungicides

Use during solvent
refining of lubrication oil
and wax; use in
synthesis of additives
for gasoline and
lubricating fluids and
intermediates

Process enclosure;local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment

Use m synthesis of
intermediates in
polyester production;
production of corrosion-
resistant polyester and
polyester polyols; use tn
synthesis of dye
intermediates
Use in synthesis of
surf ace-active agents
and detergent
intermediates; in
synthesis of explosives
Use in manufacture of
disinfectant agents and
products for industrial
and household use
Use in synthesis of
synthetic cresols and
xylenols

Process enclosure;local exhaust
ventilation; personal
protective equipment

Process enclosure;
local exhaust
ventilation; personal
protective equipment
Process enclosure;local exhaust
ventilation; personal
protective equipment^
Process enclosure; ^
local exhaust —^
ventilation; personal
protective equipment

EMERGENCY FIRST AID PROCEDURES?
fin'

If solid i or l,qu,d phenol or l.qu.ds

* Skin Exposure

o , Ben' a"d Waler' If'
and

• Swallowing- -- -

c

attention .mmediately.

4 Phenol
Stptimbtr 1978
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• Rescue
Move ihe affected person Com the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put inio effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the needarises.

SPILL, LEAK, AND DISPOSAL
PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills or leaks until
cleanup has been completed.
• If phenol is spilled or leaked, the following steps
should be taken:
I- Ventilate area of spill.
2. If in the solid form, for small quantities, sweep onto
paper or other suitable material, place in an appropriate
container and burn m a safe place (such as a fume hood),
Large quantities may be reclaimed: however, if this is
not practical, dissolve in a flammable solvent (such as
alcohol) and -itemize in a suitable combustion chamber.
3. If in the liquid form, for small quantities, absorb on
paper towels. Evaporate in a safe place (such as a fume
hood). Allow sufficient time for evaporating vapor, to
completely clear the hood ductwork. Burn the parer in
a suitable location away from combustible materials.
Large quantities can be collected and atomized in a
suitable combustion chamber.
• Waste disposal methods:
Phenol -nay be disposed of:
!. If in Ihe solid form, by making packages of phenol m
paper or other flammable material and burning m a
suitable combustion chamber, or by dissolving phenol
in a Hammable solvent (such as alcohol) and atomizing
in a suitable combustion chamber. •
2. If in the liquid form, by absorbing it in vermiculite.
dry sand, earth or a similar material and disposing in a
secured sanitary landfill, or by atomizing the liquid in a
suitable combustion chamber.
REFERENCES
• American Conference of Governmental Industrial
Hygienists: "Phenol." Documentation of the Threshold
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Hygienic Guide Series, Detroit. Michigan 1957
• Baskin. A. D. (ed.): Handling Guide for Potentially
Hazardous Commodities, Railway Systems and Manage-
ment Association. Chicago. 1972.
• Bouiwell. R. (C., and Bosch. D. *K.: "The Tumor-
promonng Action of Phenol and Related Compounds
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• Chnstensen. H. E.. and Lugmbyhl. T. L.'(eds.) i
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* Summer. W.: Odor Pollution of Air: Causes and Con-
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RESPIRATORY PROTECTION FOR PHENOL

Condition Minimum Respiratory Protection*
Required Above 5 ppm

Vapor or Paniculate
Concentration
50 ppm or less

100 ppm or less

Any chemical cartridge respirator with an organic vapor cartndge(s) and dust and
mist filter(s).
Any suppiied-air respirator.
Any self-contained breathing apparatus.

A chemical cartridge respirator with a full facepiece, organic vapor cartridges),
and dust and mist /ilter(s). L

<3'
A gas mask with a chin-style or a front- or back-mounted organic vapor canister
and dust and mist filter.
Any supplied' air respirator with a full /acepiece, helmet, or hood.
Any self-contained breathing apparatus with a full facepiece.

O
O

Greater than 100 ?pm" or
entry and escape from

concentrations
Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or otner positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu
ous-llow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand Of other positive pressure mode.

Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape Any gas mask providing protection against organic vapors and particulates.
Any escape self-contained breathing apparatus.

C

; c
NIOSH-approved or MSHA-approved equipment should be used.

•"Use of supplied-air suits may be necessary to prevent skin contact while providing respiratory protection from
airborne concentrations of phenol; however, this equipment should be selected, used, and maintained under the
immediate supervision of trained personnel. Where supplied-air suits are used above a concentration of 100 ppm,
an auxiliary self-contained breathing apparatus operated in positive pressure mode should also be worn.
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damage. Commercial pemachlorophenol may be con-
taminated with dioxin compounds which are muchmore toxic than pemachlorophenol.
* Reporting signs and symptoms:
A physician should be contacted if anyone develops any
signs cr symptoms and suspects that they are caused byexposure to pemachiorophenoi. K"i
* Recommended medical surveillance ^-'
The following medical procedures should be^-oiads
available to each employee who is exposed to pentach-
loropheno) at potentially hazardous levels: ^~"
/, Initial Medical Examination: O
*A complete history and physical exammaiidC^Tne

purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the cardiovascular system, eyes, upper respira-
tory tract, liver, and Sidneys should be stressed. The
skin should be examined for evidence of chronic disor-
ders. Analysis of the urine for pemachlorophcnol may
be helpful in estimating the extent of absorption.
2. Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annualbasis.
* Summary of toxicology
Pentachlorophenol dust and mist cause irr itat ion of the
eyes and upper respiratory tract; absorption results in an
increase in metabolic rate and hyperpyexia; prolonged
skin exposure causes an acneform dermatitis. Human
exposure to dust or mist concentrations greater than 1
mg/m3 causes pain in the nose an^ throat, violent
sneezing, ?.nd cough; 0.3 mg/m3 may cause some nose
it ntation; persons acclimated to pentarhlorophenol can
tolerate concentrations up to 1A rng/m1. Pentachloro-
phenol readily penetrates the skin; systemic intoxication
is cumulative and has been fatal. Intoxication is charac-
terized by weakness, anorexia, weight loss, and profuse
sweating; there also may be headache, dizziness, nausea,
vomiting, dyspnea, and chest pain. In fatal cases, the
body temperature is frequently extremely high and- .-.». wses. tt. ,_. . .Fv..uiure is frequently extremely high an

These recommendations reflect good industrial hygiene and medical surveillance practices and iheir implementation willassist in achieving an effective occupational health program. However, they may not be sufficient to achieve compliancewith all requirements of OSHA regulations.
U.S. DEPARTMENT OP MCA. * -U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Sa/vica Centers for Disease ControlNational institute for Occupational Safety and Health U.S. DEPARTMENT OF LA80H
Occupational Safaty and Healin Administration
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, _.—« data
1. Molecular weight: 266.3
2. Boiling point (760 mm Hg): 311 C (592 F) (decom-poses)
1 Specific gravity (water — I); 2.0
4. Vapor density (air = I at boiling point of pemach-.'orophenol): Not applicable
5. Melting point: 182- I90C(360~ 374 F)
6. Vapor pressure at 20 C (68 F): 0.00017 mm Hg
7. Solubility in water, g/100 g water at 20 C (68 F):0.002
8. Evaporation rate (butyl acetate = I): Not applica-ble

* Reacti rity
1. Conditions contributing to instability: None.
2. Incompatibilities: Contact with strong oxidizersmay cause tires and explosions.
3. Hazardous decomposition products: Toxic gases

and vapors (such as hydrogen chloride, chlorinated
phenols, and carbon monoxide) may be released whenpentachlorophenol decomposes.

4. Special precautions: None.• Flammability
1. Not combustible

• Warning properties
1. Odor Threshold: The A1HA Hygienic Guide states

that pentachlorophenol has a characteristic Odor. No
quantitative information is available, however, concern-ing the odor threshold of this substance.

2- Irritation Levels: The Documentation of TLVs
states thai "dusts are particularly irritating to the eyes t
and nose, in concentrations appreciably greater than 1
mg/ma. but some irritation of the nose may occur at 0,3
mg/md. Hardened workers can tolerate up to 2.4 mg/mV

3. Evaluation of Warning Properties: Through itsirritant effects, pentachlorophenol can be detected
within three times of the permissib/e exposure limit. For
the purposes of this guideline, therefore, pentachloro-
phenol is treated as a material with good warning

\V,,llr s- . l 9 6 9 .
O

Good industrial hynen,eng.neer.ng control,£'£d
P?C(lc« "commend that

C

PROTECT,VE

2 P(*"acn'or0phenfl|
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• Clothing which has had any possibility of being
contaminated with pentacalorophenol should be placed
in closed containers for storage until it can be discarded
or until provision is made for the removal of pentach-
lorophenoi from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the pentach-
lorophenol, the person performing the operation should
be informed of pentachlorophenol's hazardous proper-
ties.
• Where there is any possibility of exposure of an
employee's body to pentachlorophenol or liquids con-
taining oentachlorophenol. facilities for quick drench-
ing of the body should be provided within the immedi-
ate work area for emergency use.
• Non-impervious clothing which becomes contami-
nated with pentachlorophenol should be removed im*
mediately and not reworn until the pentachlorophenel
is removed from the clothing.
• Employees shouid be provided with and required to
use dust- and splash-proof safety goggles where there is
any possibility of pentachlorophenol or liquids contain-
ing pentachlorophenol contacting the eyes.
• Where there is any possibility that employees' eyes
may be exposed to pentachlorophenol or liquids con-
taining pentachlorophenol, an eye-wash fountain
should be provided within the immediate work area for
emergency use.

SANITATION
* Skin that becomes contaminated with pentachloro-
phenol should be immediately washed or showered
with soap or mild detergent and water to remove any
pentachlorophenol.
* Workers subject to skin contact with pentachloro-
phenol or liquids containing pentachlorophenol should
wash with soap or mild detergent and water any areas
of the body which may have contacted pentachloro-
phenol at the end of each work day.
* Eating and smoking should not be permitted in areas
where pentschlorophenol or liquids containing pen-
tachlorophenol are handled, processed, or stored.
* Employees who handle pentachlorophfinol or liquids
containing peniachlorophe-iol should wash their hands
thoroughly with soap or mild detergent and water
before eating, smoking, or using toilet facilities.

COMMON OPERATIONS AND CONTROLS
The following list includes some common operations m
which exposure to pentachlorophenol may occur and
control methods which may be elective in -ach case:

Operation
Formulation of
preservatives,
pesticides, and
fungicides
Application as a
preservative for wood,
starch, paint, adhesives.
leather, latex, and oils;
use in slime-algae
control: use as a
pesticide, herbicide, and
sr.ail control agent
Manufacture of
pentachlorophenol

Controls
Process enclosure;
local exhaust
ventilation; personal
protective equipment
Personal protective
equipment

Process enc'osure;
local exhaust
ventilation; perscftel
protective equipment

EMERGENCY FIRST AID PROCEDURE
In the event of an emergency, institute first aie
dures and send for first aid or medicaJ askance.
* Eye Exposure
If pentachlorophenol or liquids containing pentachloro-
phenol get into the eyes, wash eyes immediately with
large amounts of water, lifting the lower and upper lids
occasionally. Get medical attention immediately. Con-
tact tenses should not be worn when working with this
chemical.
* Skin Exposure
If pentachlorophenol or liquids containing pentachlcro-
phenol get on the skin, immediately wash the contami-
nated skin using soap or mild detergent and water. If
pentachlorophenol or liquids containing pentachloro-
phenol penetrate through (he clothing, remove the
clothing immediately and wash the ikm using soap or
mild detergent and water. If irritation is present after
washing, get medical attention.
* Breathing
If a person breathes in large amounts of pemachloro-
phenol. move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.
* Swallowing
When pentachlorophenol or liquids containing pentach-
lorophenol have been swallowed and the person is
conscious, give the person large quantities of water
immediately. After the water has been swallowed, try
to get the person to vomit by having him touch the back
of his throat with his finger. Do not make an uncon-
scious person vomit. Get medical attention immediate-
ly.• Rescue
Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
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rescue procedures Do not become a casualty. L'nder-
siand the facility's emergency rescue procedures and
know ihe locations of rescue equipment before the need
arises.
SPILL AND DISPOSAL PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.
• If peniachlorophenol is spilled, the following steps
should be taken;
1. Ventilate area, of spill.
2. Collect spilled material in the most convenient and
safe manner and depost in sealed containers for reclama-
tion or for disposal in a secured sanitary landfill. Liquid
.containing pemachlorophenol should be absorbed in
vermiculite, dry sand, earth, or a similar material.
« Waste disposal method:
Pentachlorophenol may be disposed of in sealed con-
tainers in a secured sanitary landfill.
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RESPIRATORY PROTECTION FOR PENTACHLOROPHENOL.

Condition Minimum Respiratory Protection*
Required Above 0.5 mg/m1

Participate or Vapor
Concentration
2.5 mg/m jorless Any chemical cartridge respirator with an organic vapor cartndge(s)

»

and dust.
fume, and mist filter(s), including pesticide respirators which meet the require-
ments of this class."
Any supplied-air respirator. * *
Any self-contained breathing apparatus.**

25 mg/m1 or less Any chemical cartridge respirator with a full facepiece, an organic vapor
cartndge(s), and <just. fume, and mist filtc-r(s), including pesticide
which meet the requirements of this class.

Testators
^r

A gas mask with a chin-style or a front- or back-mounted organic vapor €3tnisterii
' CI
1
1

and dust. fume, and mist filter, including pesticide respirators which meet the
requirements of this Class.
Any suppiied-air respirator with a full facepiece, helmet, or hood.
Any self-contained breathing apparatus with a full facepiece.

150 mg/m1 or less
* * (f eye irritation occurs, full-faceptece respiratory protective equipment should be used.
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